8. SPECIAL CASES

8.1. Overview

The following special cases are covered in this section:

8.2. Meeting Rails page 8-2

8.3. Dividers page 8-10

8.4. Storm Windows page 8-21

8.5. Flat Skylights page 8-29

8.6. Tubular Skylights page 8-42

8.7. Doors page 8-61

8.8. Spacers page 8-62

8.9. Non Continuous Thermal Bridge Elements page 8-64

8.10. Garden Windows page 8-77
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8.2 Meeting Rails 8. SPECIAL CASES

8.2 Meeting Rails

Meeting rail cross sections are the stiles or rails that meet in the middle of a sliding window. In this manual,
the term "meeting rail' is used generically to describe meeting rails, meeting stiles, interlock stiles,
interlocking stiles, sliding stiles, check rails, and check stiles.

8.2.1. Modeling Meeting Rails

When modeling a meeting rail, both the sashes and their associated glazing systems are modeled. Figure 8-1
shows an example of the meeting rail from an aluminum horizontal slider.

Creating the cross section for a meeting rail is no different than any other model in THERM. A few things to
keep in mind are:

= Two glazing systems are imported, one facing up and one facing down

= Interior boundary conditions for each of the glazing systems are labeled with the Edge U-factor tag, and
the program averages the values for both to derive one Edge U-factor.

* Model the meeting rail with the glazing systems facing up and down (see Section 6.3.2, "Cross Section
Orientation" in this manual). If the DXEF file is drawn with them in a horizontal position, draw the frame
cross section, and then rotate it before inserting the glazing system.

The following discussion lists the steps for making a cross section with two glazing systems and assigning the
correct boundary conditions.

Exterior

Edge-of-Glass

Frame Sight lines
These will determine
the Edge of Glass
delimiter for the
Boundary Conditions.
> 10

~ =

Figure 8-1. Meeting rail cross section.
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8. SPECIAL CASES 8.2 Meeting Rails

8.2.2. Steps for Meeting Rail U-factor Calculation

1. Using dimensioned drawings or a DXEF file, create the cross section for the frame portion of the meeting
rail. In Figure 8-2, the frame for the aluminum horizontal slider meeting rail has been created.

Sweep

Step 1:
Draw the frame portion of the meeting
rail cross section, including both sash
elements, and the sweeps between
them.

Define the air between the sashes as

Frame Cavity NFRC 100-2001. Sash 2

Sash 1

Sweep

Figure 8-2. Frame portion of meeting rail cross section.

2. DPosition the Locator (using the Draw/Locator menu choice, or pressing Shift F2) in the lower left corner
of the frame where the first glazing system will be inserted, as shown in Figure 8-3.

Step 2:

Position the Locator (using Shift F2 or
the Draw/Locator menu choice) in the
lower left corner of the frame where the
glazing system will be inserted.

Figure 8-3. Position the Locator for the first glazing system.
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8.2 Meeting Rails

8. SPECIAL CASES

3. Using the Libraries/Glazing Systems menu option (or the F6 key), insert the upper glazing system, as
shown in Figure 8-4. In this example, the spacer will be copied and pasted into the cross section later.
Add a spacer and use the Material Link (Library/Create Link) to link the glazing system cavity
conductivity with adjacent cavities in a spacer which is open to the glazing system cavity, if necessary.

THERM - [MeetingRail-newspacer.thm] -8 -8 x|
B Fle Edt view Draw Lbraries Options Calculation Window Help =l=1x]
Dl Lo# §a-<[kLad 0% |FEu |k =]

=

Step 3:

Insert the glazing system using the Libraries/Glazing Systems menu choice or the F6 key.
Specify the appropriate values in the dialog boxes (such as Orientation = Up) and then click on
the OK button and the glazing system will be imported.

Step 5:

Use the Material Link

feature to fill the polygon

below the glazing cavity

with the same material as

the glazing cavity itself.

=  Fill the space with any
material

=  Select the polygon

=  Go to Libraries/Create

Insert Glazing System

Oriegntation I Up < I

CR cavity height |1DDD mm Cancel
Sight line ta battorn of glass |15 1257 M . .
Spacer height 52954 | * Edge of Glass Dimension
pacer height |3. mm / .
Edge of Glass DimensinnlEBE it =63.5mm (25 InCheS)

Glazing system heigh

Glazing zystem height I mm( -
=150 mm (6.0 inches)

™ Use nominal glass thickness
™ Use CR Model for Window Glazing Systemns

i~ Gap Propertie: |

Step 4: Llnk menu option % Defaut " Custom Gapm . L
Insert the *  With the Eye Dropper kel way,  EXrior Boundary Condition
spacer cursor, click on the widh[T = Use existing BC from
glazing system cavity. = v library, _
"f_wémw et NFRC 100-2001 Exterior
™ Single spacer for multiple glazings n Interior Boundary Condition
I aterial IFibergIass [PE Resin] /ﬂ = Use COnVectiOn plUS
» / enclsoure radiation
— Boundary Candition:
& Use U-factor values
€ Use SHGC valuss
Exterior Boundary Condition Interiar Boundary Condition
IUse existing BC from library [select below] j IUse convection plus enclosure radiation j
| NFRC 100-2001 Exterior =IFIES |
4« | =
fy-138.1, 1.4 [de,dy 6.9, 5.9 len 91 [step 10,0 |wm |
Ready [ om

Figure 8-4. Insert the first glazing system.
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8. SPECIAL CASES

8.2 Meeting Rails

4. Reposition the locator to the upper left corner for the 2nd glazing system.

Step 4:

Reposition the Locator in the
upper left corner of the frame
for the 2" glazing

Figure 8-5. Reposition the Locator for the 2nd glazing system.

5. Insert the 2d glazing system, setting the Orientation to “Down”, and entering the correct values for Sight

line to bottom of glass and Spacer height.

THERM - [MeetingRail-newspacer.thm] 8 -18] x|
K Ele Edt view Draw LUbraries Options Calculstion Window Help 18] x|
DEES Lo [|a-]0Lad 295 |Feu %] 5

=l

Insert Glazing System
-
CR cavity height |1 ]
Sight line to bottormn of glass |1 1257
Spacer height |9.2984
Edge of Glass Dimenszion |B3.5
Glazing system height |1 a0
™ Use naminal glass thickness
[T Usze CR Madel for window Glazing Spstems

— Gap Propertie

& Defaulk ¢ Custom Gapl‘l 'l
Keff |O0EZES wWim-K

wiidth |1 2 mm

Orientation o

Caricel

il

mrm
mrm
mmn
mrm

Step 6:

[~ Draw spacer
™ Single spacer for multiple glazings syStem

I aterial IFibergIass [FE Resin) j

- Spacer Insert the 2nd gIaZing

(Orientation = Down)

Step 7:

Insert Glazing System x|

" Replace Existing Glazing Spstem

Click on “Add as additional
glazing system”.

& #dd az additional glazing system:

.

Cancel

— Boundary Condition

& e U-factor values
" Use SHEC values

Exterior Boundary Condition Interior Boundary Condition

IUse existing BC from library [zelect below) j IUse convection plus enclozure radiation

=

|NFRC 100-2001 Estericr =IHE

[~

Figure 8-6. Insert the 2nd glazing system.

[

THERMS5/WINDOWS NFRC Simulation Manual

June 2003

8-5



8.2 Meeting Rails 8. SPECIAL CASES

6. Add spacers and create materials linked to the glazing system cavity if necessary.

Add spacers and link materialf/
to the glazing system cavity

Figure 8-7. Add custom spacers.
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8. SPECIAL CASES

8.2 Meeting Rails

7. Define the boundary conditions by pressing the Boundary Conditions toolbar button, or clicking on the
Draw/Boundary Conditions menu choice, or pressing the F10 key. Make sure that the interior boundary
conditions are set to Radiation Model = “ AutoEnclosure”. Assign the Edge U-factor tag to each of the
interior glazing system boundary conditions, as shown in Figure 8-8.

v

BC = NFRC 100-2001 Exterior

U-factor Tag = None I

BC = NFRC 100-2001 Exterior
U-factor Tag = SHGC Exterior

BC = NFRC 100-2001 Exterior
U-factor Tag = None

L—»

BC =
U-fac

:

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

BC = Adiabatic

U-factor Tag = None

BC =

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = Edge

Interior Convection only

Radiation Model = AutoEnclosure
U-factor Tag = Frame

<«

U-fact

o —

— Sight Line

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure

or Tag = Edge

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor Tag = None

<

£ {

Adiabatic
tor Tag = None

Figure 8-8. Define the Boundary Conditions for the meeting rail.
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8.2 Meeting Rails 8. SPECIAL CASES

8. Run the simulation, by pressing the Calc toolbar button, clicking on the Calculation/Calculation menu
choice, or pressing the F9 key. The U-factor results are calculated for the Frame and Edge U-factor tags,
as shown in the figure below.

Ll -fackor delta T Length

Wma-K C i Fotation
Frame [48618  [38.0 EEREZER [ Projected 'y
SHGE Exterior [5.6506  [39.0 [5adres [Nea [ Projected 'y
Edge i EATE 127 [tz [Projectsd v

% Errar Erergy Marrm I 8.27% Export |

Figure 8-9. Calculate the results.

9. Import the THERM file into the WINDOW Frame Library.

8.2.3. Steps for Meeting Rail Condensation Resistance Calculation

The Condensation Resistance model is only appropriate for horiztonal meeting rails (found in vertical sliding
products) - THERM will not calculate the Condensation Resistance for a file with the Cross Section Type set
to “Vertical Meeting Rail”.

There are two methods for calculating the Condensation Resistance information in THERM, which will be
used in WINDOW to calculate the total Condensation Resistance of the product:

= Check the “Use CR Model for Window Glazing System” checkbox when importing a glazing system
OR

= In the Options menu, Preferences choice, THERM File Options tab, check the “Use CR Model for Glazing
Systems”, as shown in the figure below.

I x|

Preferences | Drawing Options |
Simulation Them File Options | Shap Settings

Mesh Control

Quad Tree Mesh Parameter I

¥ Rur Error Estimator

b awirnurn & Error Energy Morm Im #®
M aximum Iterations |5

™ Use CR Model for Glazing Spstems

Figure 8-10 In Options/Preferences/Therm File Options, check the “Use CR Model for Glazing Systems” checkbox.

When the CR model has been “turned on”, red boundary conditions will appear inside the glazing system,
and the following steps should be taken to simulate the file:

1. Check the emissivities of these boundary conditions. They should be the following:

* Emissivity of the surrounding surface, such as 0.84 for standard glass, 0.90 for most frame materials,
0.20 for metal, and so forth.

= 1.0 for the adiabatic (open end) of the glazing cavity.
= Actual cavity height per Table 6-2, Section 6.4.5

2. Simulate the model. The program will calculate both U-factor results and the Condensation Resistance
results.

8-8 June 2003 THERMS5/WINDOWS5S NFRC Simulation Manual



8. SPECIAL CASES 8.2 Meeting Rails

3. Import the results into the WINDOW Frame Library and use the meeting rail file to create the whole
product in the Window Library as applicable.

Figure 8-11 Red boundary conditions will appear inside the glazing system when the Condensation Resistance feature is activated.
Check the emissivities of each of these boundaries. Note that Condensation Resitance is only modeled for horizontal meeting rails (such
as in a double hung window).
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8.3 Internal Dividers (Suspended Grilles) 8. SPECIAL CASES

8.3 Internal Dividers (Suspended Grilles)

The criteria for when dividers are modeled can be found in NFRC 100, Section 1.4.4, “Simplifications to a
Product Line”. The discussion below describes the methodologies in WINDOW and THERM for modeling
dividers when that criteria is met.

8.3.1. Modeling Steps

The modeling steps in THERMS5 and WINDOWS are the same for all divider shapes and all possible gas fills,
in contrast to modeling steps in previous versions of THERM. These steps are the following:

In WINDOW:
= No new work is required, because the same glazing system that is used to model the rest of the product is
used in the divider model.

In THERM:
= The new ISO 15099 modeling assumptions would theoretically warrant modeling horizontal and vertical
dividers separately. However, a conservative simplificiation is to model all dividers, including horizontal
ones, as vertical dividers. Therefore, only one divider model is created in THERM and referenced in
WINDOW.
= Set the Cross Section Type to “Vertical Divider” for all dividers.
= Insert the glazing system twice, once facing up, with a spacer height defined as the same height as the
divider height, and once facing down with the spacer height set to zero.
= NOTE: Because all dividers are modeled as “Vertical Dividers” the CR model is not run in THERM for these files.
However, WINDOW will still calculate a whole product CR value when these dividers are used in a
product, by using the U-factor temperatures for the dividers.
= Draw the true geometry of the divider in the upper glazing system, in the “spacer” area.
= Depending on the fill of the glazing system, assign the appropriate frame cavity material to the cavities
between the glazing system and the divider, as well the cavity inside the divider, as follows:
¢ For air-filled dividers: Assign “Frame Cavity NFRC 100-2001” material
¢ For gas-filled dividers: Create a new material in the Material Library that is identical to the “Frame
Cavity NFRC 100-2001” material, except that the gas used in the glazing system, found in the Gas
Library, is referenced in the Gas Fill field. Assign this new material to the cavities in the divider. (See
the example below)
= Assign Boundary Conditions.
= Simulate the results.
= Import the file into the WINDOW Divider Library. Reference the Divider as appropriate from the
Window Library when constructing the whole product.

When modeling glazing options with caming, which are treated in a similar fashion to dividers, the NFRC
default caming can be used.
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8

. SPECIAL CASES

8.3 Internal Dividers (Suspended Grilles)

8

.3.2. Air Filled Glazing Systems

The modeling steps for a divider with an air-filled glazing system are explained in detail in the following
pages.
In THERM:

1.
2.

with the following settings:
*  Orientation = Up

Set the Cross Section Type to “Vertical Divider”.

Actual Cavity height = 1000 mm (39 inches)
Sight line to bottom of glass = height of the divider (in this example it is 19.05 mm [0.75 inches])
Spacer height = height of the divider (in this example it is 19.05 mm [0.75 inches)

Edge of Glass Dimension =

63.5 mm (2.5 inches)

Glazing System Height: 150 mm (6.0 inches)
Draw spacer = Not checked

Import the glazing system for the divider, which is the same glazing system as the rest of the product,

. THERM - [Untitled-2] _ =] x|
]_"'a‘ File Edit ‘iew Draw | Libraries Options Calculation  Window  Help _ |El|£|
DD”'H@“_LI O SetMaterial F4 |? 123 U.|%;|| j
Set Boundary: Condition F5 ;I
IMaterial Library Shift-F4
Boundary Condition Library Shift-F5
Gas Library Shift-F&
Select Material{Boundary, Condition Step 1:
B < Select Glazing Systems from the Libraries menu
UFackar Mames
Create Ligk
Remave Link
Insert Glazing System ﬂ
Orientation IUp YI
Step 2: _
. . CR cavity height I'I aon mm
Select the appropriate glazing - __ Cercel |
system from the WINDOW Iibrary Sight line to bottom of glase I‘IS.DE T
Spacer height I'I 9.05 M
Prm—— il Edge of Glazz Dimension |83.5 mm
1D Mame Glazing spstem height I‘I a0 m
i 5 Double
Glazing System | IkNEfTLCY) [ Use nominal glass thickness
# Layers |2 [ Use CR Model for Window Glazing Systems
Ucenter |2.72 W Am2-C o | — Gap Properhie:
03
Thickness|2n_?01 . & Defaut  © Custom  Gap |1 'I
WINDOW Glazing System Libray————————— REH IR i
i |1 2
| C:\Program Files\LBNL'WINDOwS: | Browse | Width o /
Wwindow 5 Database — Spacer /
[ Draw spacer
[~ Single spacer for multiple glazings
LI I aterial IFibergIass [PE Resin) j
[x,v-106.9, 94.1 |d=,dy -137.5, 90,6 llen 1647 [Step 10.0 » / |
Provides access to WINDOW Glazing System Libraries - Boundary Condition
& Uze I-factor values
 Use SHGC values
Exterior Boundary Condition——————————— [~ Interior Boundary Condition
IUse existing BC from library (select below) j IUse corvection plus enclosure radiation j
| NFRC 100-2001 Esterion = =l
Figure 8-12. Import the first glazing system.
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8.3 Internal Dividers (Suspended Grilles)

8. SPECIAL CASES

3. Import the glazing system again as an additional glazing system, below the first one (the locator does not
have to be moved), but facing down this time. Use the following settings for this glazing system:

= QOrientation = Down

= Actual Cavity height = 1000 mm (39 inches)
= Sight line to bottom of glass = 0

= Spacer height =0

= Edge of Glass Dimension = 63.5 mm (2.5 inches)
= Glazing System Height: 150 mm (6.0 inches)
= Draw spacer = Not checked

Insert the glazing system as an Additional Glazing.

THERM - [Divider.THM] -8 -8 x|
JE Fle Edt vew Draw Lbraries Options Calculation Window Help — (=i x|
DEES|lLos ja-]rtaq s FEu 5%

|

Insert Glazing System

Origntatior lm
CR cavity height IW mim
Sight line ta battom of glass IU—
Spacer height IU— il
Edge of Glazz Dimensgion IF mm
Glazing system height I‘IED— mnm

™ Use nominal glass thickness
I Use CR Modsl for Window Glazing Systems

Cancel

2" glazing system.

Set Sight line to
bottom of glass and
Spacer height to
zero.

— Gap Propertie:
& Default Custom Gapl‘l 'l
Keff |O0E3E3 WwWidmeK,
width |1 2 mm
~ Spacer
I Draw spacer
I Single spacer for multiple glazings
I aterial IFibergIass [PE Resin) j

— Boundary Condition:

& Use U-factor values
" Use SHGE values

Esteriar Boundary Condition

Interior Boundary Condition

ILIse existing BC from libran [select below]

IUse convection plus enclosure adiation -

INFF!C 100-2001 Esterior

Lel Ll

| =

Click on the “Add as
additional glazing
system” radio button in
the Insert Glazing
System dialog box.

'

Insert Glazing System E

" Replace Existing Glazing System

& iadd a5 additional glazing syster

ak. I Caticel

[,y 108.3,747.7 |dx,dy 98,7, 24.4

Ready

len102.6 [Step 10,0 om |

[

Figure 8-13. Import the second glazing system as an additional glazing system, facing down.

8-12

June 2003

THERMS5/WINDOWS5S NFRC Simulation Manual



8. SPECIAL CASES 8.3 Internal Dividers (Suspended Grilles)

4. Draw (or copy and paste from another THERM file) the polygons in the cavity that represent the divider.
The figure below shows the divider for this example drawn with the material set to Aluminum Alloy

. THERM - [Divider. THM] = x|
%Eile Edit Wiew Draw Lbraries Options Calculation ‘Window Help _Iﬁllil
DEEH&E Lo @dm=<]lkLaQ 205 |FEU|K| -]
=
Draw the divider in
the cavity between J
the two glazing
systems.
4 | 3|
[xy 9.7,-7.5 |dx,dy -9.4, -9.3 llen 133 [step 100 [mm |
[ [

Ready

Figure 8-14. Draw the polygons to represent the divider.
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8.3 Internal Dividers (Suspended Grilles) 8. SPECIAL CASES

5. Fill the cavities between the divider and the glass layers and inside the divider with the material “Frame
Cavity NFRC 100-2001”. Divide the cavities up according to the 5 mm rule as necessary.

THERM - [DividerContoured.THM] -8 - O] x|

1-'.‘&‘5“3 Edit Wiew Draw Libraries Options Calculation Window Help =] |
DEeHES B Lo@-1a-dkLaq 08| 2 E W|%|Frame Cavity NFRC 100-2002

Al

Fill the divider frame cavities
with the material “Frame
Cavity NFRC 100-2001".

" o

[xy 27.7, 9.9 |dydy 15,1, -0.8 llen 152 [step 100 |mm |w,h 107, 10.0 "

Ready Divider [ MUM

Figure 8-35 Fill the divider frame cavities with Frame Cavity NFRC 100-2001.
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8. SPECIAL CASES 8.3 Internal Dividers (Suspended Grilles)

6. Define the boundary conditions, using the “AutoEnclosure” choice for the Radiation Model.

BC=Adiabatic
U-factor tag = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure

U-factor taa = None

BC=NFRC 100-2001 Exterior
U-factor tag = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC=NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior >

—Radiation Model = AutoEnclosure

»< BC = <glazing system> U-factor Inside Film
@ U-factor tag = Frame

|

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC=NFRC 100-2001 Exterior *
U-factor tag = None

BC = <glazing system> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC=Adiabatic
U-factor tag = None

Figure 8-15 Assign the boundary conditions.
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8.3 Internal Dividers (Suspended Grilles)

8. SPECIAL CASES

7. Calculate the results.

. THERM - [Divider.THM] -8 -|& x|
JE Bil= Edt View Draw Lbraries Opions Calulation Window Help =& =]
NSRS Lod - a-drL Q205 Fleu k| =
5|
Step 3: Click on the Calculation/Show U-factors
Step 1: Click on the Calc toolbar menu choice to see the U-factor results.
button to start the simulation.
Step 2: When the simulation is
finished, the results specified in the » X|
Calc/Display Options menu choice E\J-:Jacéc'.é deItCaT Length _
will be drawn on the model. In this [ mm_ [FEE,
. - |1.9333 |39.n |19.ns |Nm i -
example, isotherms are displayed. The Frame |Projected ¥ [
Show Results toolbar button will Edge [18182  [330 127 [Nz [Projected ¥ |

toaale the results disnlav on and off.

lenz11.8 [Step 100 fom |

[,y 224.5, 62,3
Ready

|,y 169.9,126.5

% Emor Energy Morm I 219% Export |
=l
U-factor results [ [MUM

Figure 8-16 Calculate the results.

8. Save the file using the File/Save As menu choice.
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8. SPECIAL CASES

8.3 Internal Dividers (Suspended Grilles)

9. Import the results to the WINDOW Divider Library, as shown below. See Section 4.7.3, "Importing
THERM files" in the WINDOW User's Manual for more information about importing THERM files.

ivider Library (C:'Program Files'LENL\ WINDDW S w5.mdb} A8 -0 x|
File Edit Libraries Record Tools Wiew Help
D sBR(&EE: ««rr|Ba=eli O« % 28
: : Diivider Library [C:\Pragram =
Detailed Yiew | Filesh LEMLYWIND OW5LwE mdb)
Update | Edge Edge Glazing
1D Mame Source Type Ualue Uwalue | Comelation | Thickness Ffd Abs | Color
New | WK | wimzK mm mm
- 1 Alum/Divided ASHRAE/LEL M/A n/a nfa  Classi n'a 153 040
&l 2 Bubyl/Divided ASHRAE/LBL M/A nfa nfa  Class2 nfa 153 oo [
3 “wWood/Divided ASHRAE/LBL Suspende g ' — ' — T
—Find 4 Inzul/Divided ASHRAE/LBL Suspende —I—I
o - 5 Alum/Suspended ASHRAE/LBL Suspende  Look jr |@ THERMS x|« £ EE-
Im ended Middy

[

ASHRAE/LEL

divider-23. THM

DividetFrame, THM

Fr——. Headh‘entedS.thm
. 8] Divider-28. THM 8] B thm
6 records found gtep 1'LFt';om thel.VKlND&W ] divider-befixed, THM 8] HF_009,thm
Import 1" — Frame Library, click on e Divider—contour—airﬁlled.THM HF_EIID.thm
Irr_1p0rt button. An open WIndOW Divider—contour—gasﬁlled.THM HF_DII.thm
Export | will open. Select the THERM file
Report | or files to import. 4] o 0
Biint | File name: [divider. THM gren |
For Help, press F1 Files of type: [ Them files [~ thr) =l Cancel |
Addi d...
Ing a recor 4
Step 2: Specify the record number. or use ’ C:4Program Files“LBMLA\THE R Shdivider. THR
_the program default number, which is an ID for new recard: [7 Cancel |
increment from the last record.
2% Divider Library {C:\Program Files',LBNL\ WINDDW5%w5.mdb) I Dverwite ewisting records A8 -0 x|
File Edit Libraries Record Tools Wiew Help
Dwd $sBRSE: > |Ba el O# % 28
: = Divider Library [C:\Program 1=
Detailed Vlewl FilesA\LBMLYIND DWW EYwE. mdb)
Update | Edge Edge Glazing
1D Mame Source Tupe Uwalue Uwalue | Comelstion | Thickness Pfd Abg | Color
New | WmaK | Wimzk mm mm
. 1 Alum/Divided ASHRAEABL N/ néa nfa  Classl nfa 159 040
il 2 Bubl/Divided ASHRAE/LBL N/A na nfa  Class2 nfa 153 0 [
Delete | 3 Wood/Divided ASHRAE/LEL Suspended néa nfa  Class3 nfa 153 040 -
i 4 Insul/Divided ASHRAE/LBL Suspended  n/a nfa  Classd nfa B3 o3
||D .[ 5 Alum/Suspended ASHRAE/LEL Suspended néa nfa  Clas5 n/a 16.0 030 -
l— £ Vinyl/Suspended ASHRAE/LBL N/ nia nfa  Classl nfa 180 030 -
zm ) Therm
Advanced.. | \ i
il Step 3: The selected records will be L

Import
Ezport

Eeport

i

Frint

|

imported into the library.

4

For Help, press F1

=
Iode: wFRE L[ [ [ 4

Figure 8-17 Import the THERM file into the WINDOW Divider Library.

10. Use the new divider in the calculation of the complete product values in the main screen of WINDOW.
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8.3 Internal Dividers (Suspended Grilles) 8. SPECIAL CASES

8.3.3. Gas Filled Glazing Systems

If the glazing system being modeled with a divider is gas-filled, it is necessary to model the divider with the
same gas fill as the glazing system. This means a new material must be defined for the gas-filled frame
cavities around and inside the divider.

The THERM Gas Library contains entries for standard gases, as well as examples of gas mixtures. These
gases are not made in THERM,; they are made in the WINDOW Gas Library and then imported into the
THERM Gas Library. When the gas mixtures have been imported into THERM, they can be referenced from
a new frame cavity material for the divider model, as shown below.

1. Create the gas mixture in the WINDOW Gas Library. Presumably it already exists for the product
glazing system model. See Section 4.6, “Gas Library” in the WINDOW User’s Manual for details about
creating new entries in the Gas Library.

i Gas Library (C:'Program Files'LBNL', WINDOWS, w5 1b-SimMan.mdb) — IEI |£|
File Edit Libraries Record Tools Wiew Help
DeH|s2REE: 4> v |Bajemn: O# 2N
: = Gas Libram [C:%Program =
Detailed Yiew | Files\LBMLSWIND DWW Shw51 b-Simbd an. mdb)
Calc |
[n] MHame Type | Conductivity Yizcosity Cp Dengity Frandtl
MHew i mek kg/m-z Jikg-k kg/m3
LCopy |
2 Argon Pure 0016349 0.000021 521.929016 1776655 06704
Delete | 3 Kippton Pure 0008664 0.000023 248091003 ATIETT 06717
I E— 4 ¥enon Pure  0.005160 0.000021 158339936 5839131 06542
I D - l B Air(5%]/ Argon [95%] Mix b 0.016704 0.0000z21 B39.729614 1.782144 0.6731
l— 7o A [12%) 4 Argon [22%)] 4 Kryptan [BEX%] Mis bl 0.011440 0.000023 322703613 3005083 06403
8 Air[5%] /7 Kieptan [35%] Mix Pl 0.009191 0.000023 251636536 3604808 06640
Advanced.. | 9 Air[10%) / Argon [90%] Mix Mix 0.017063 0000021 558.033142 172773 06758
8 records found. _
| miport |
Export |
Eeport |
Frint | . | A=
For Help, press F1 Mode: MFRC T 4

Figure 8-18 Make the necessary gas mixture in the WINDOW Gas Library.
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8. SPECIAL CASES

8.3 Internal Dividers (Suspended Grilles)

2. Import the WINDOW gas mixture into the THERM Gas Library, if it is not already there.

. THERM - [Untitled-2]

r'ﬁ‘File Edit View Draw | Libraries Options Calculation  Window Help

=1o] x|
=12 x|

Step 3: Use the Browse
button to select the

Windowd Database

IC:\F‘rogram Files\LBMLYw/IMDIOWwEY Browse |

WINDOWS database.

Kl

o 7 SetMaterial F4 F & u |5y
Step 1: Click = SetBoundary Condition F& | | ||
on the Gas — -
Library from Material Library shift-F4
N N Boundary Condition Library shift-FS . .
the Libraries 2 -y . Step 2: Click on the Lae D
men ' Import button in the
enu Select [Material[Boundary Condition G p Lib dial Pure gas ﬂl
as Library aialog — Conductivity Coefficients Rename |
Glazing Swstems Fa box. 4 000za7a0 =
UFackar Mames e [0.0000776 STP Propertiesl
Create Link [ 0.0000000 Save LibAs |
Remaye Link —
- - Viscosity Coefficients Load Lib |
. A | 0.0000037
Window5 Gas Impork x| Step 4: Select the [Ooooono0
ID_MName - — WINDOWS5 gas record _from BJO
e the pulldown list and click on | ey
the Import button. — Specific Heat Coefficients——
Gas type: |2 Gas Mix £ 27363335
B | 0.01 23240
Import I Cloze | £ ['0.0000000

— Molecular Weight

I 23.0

v Protected

100 |wom |

Edit Gas fill properties

| Mo

Figure 8-19 Import the gas mixture enntries into the THERM Gas Library.

3. Make a new frame cavity material in the THERM Material Library based on “Frame Cavity NFRC 100-
2001” but with the Gas Fill field set to the correct gas mixture from the Gas Library.

x|
Canie|
Mew
Delete

Bename

Material Definitions

Frame Cavity NFRC 100-2001
— Material Type
1 Sl

& Frame Bayity
| Glazing Eawity

) External Fadiation Enclosure

= Solid Fropertie:
Canductivito 0 VRS LCalar
EmissivilyIU.ESS Save LibAs
— Cavity Properti Load Lib |
Radiation Madel | Simplified =l

Cavity Model | 150 150359 'I
Gas Fill | & 'I
Emissivities: Side 1 |0.9 Side 2 ID.EI

C= NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior

Mew Material name:

X

|Frame Cavity NFRC 100-2001 Argon5 e | 2terial Definitions

Cancel |

Step 3:

Define the new Frame Cavity:

=  Material Type = Frame Cavity
= Radiation Model = Simplified

Step 2:

/Give the new material a unigue name.

IFrame Cavity MFRC 100-2001 Argond5

— Material Type
" Golid
' Frame Cavity

) Glazitg Cawvity

" Estemnal Radiation Enclosure

ﬂs olid Frapertie
[Candustite 0]

AT

Emizsiiitn ID.BSS

Calor |
Save Lib Qsl

¥ | Fratest=d
= Cavity Model = 1ISO 15099 \R&Wiw Pl Load Lib |
= Gas Fill = Gas from Gas Libm Radiation Model |5 mplified |
=  Emissivities = Irrelevant ~Ta Caviy Model[150 15099 ~]
because they will be \ e Fil EFRTESEES -
recalculated during the : e
simulation Emizsivities: Side 1 |0.9 Side 2|U.8
I" | Fratected
Figure 8-20 Import the gas mixture enntries into the THERM Gas Library.
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8.3 Internal Dividers (Suspended Grilles) 8. SPECIAL CASES

4.  Use this new frame cavity material in the divider model cavities.

rContouredGasFilled. THM] . A8 - 101 x|

r';g‘EiIe Edit Wiew Draw Libraries Options Calculation  window  Help _|ﬁ||1|
DEE&G E|so @] <]k - ad 2<% | F & U || [Frame Cavity NFRC 100-2001 Argonds -]

il

Propetrties for Selected Polygon(s) x|

EEEIEWNFrame Cavity HERC

D[ e Cancel |
Keff|0.0319 Btudh-ft-F L |
Harizortal dimension ID. 412 inches

Yertical dimension IW inches
W
Jamb cavity height IW inches
Heat Flow Direction m [relative ta screen)

Jamb: left to right [relative to gravity]

-~ Side 1
Temperature|28.8? F
Emissivity | 050 =l
— Side 2
y Temperature|28.? F
Emissivityl 0.90 j
Maote: For some cavity types, Keff. Temperature and
E mizzivity data may not be correct until a simulation has
been done. The values shown are approximations.

|« | ;ILI

%, 0.637,0,308 |, v 0.285,-0.027 len 0,286 |Step0.394 [inches |w,h 0,420, 0.392 y
Ready [vertical Divider MUM

Figure 8-21. Use the new Frame Cavity material to fill the divider cavities.
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8. SPECIAL CASES 8.4 Storm Windows

8.4 Storm Windows

Storm windows present a modeling problem different from most insulated glass (IG) units, because the
spacing between the IG unit and the storm window is usually quite large, as shown in the figure below. As
with all other product modeling, all relevant cross sections (head, sill, jambs, meeting rails and dividers) must
be modeled in THERM.

Figure 8-22 Product with an interior storm window.

8.4.1. Modeling Steps

Follow the steps below to model storm windows. These steps are discussed in more detail in the following
sections.

If the product is NOT a single or double hung (i.e., it is a casement, fixed, picture, transom, awning, etc), do
the following;:

In WINDOW:

Create a three-layer glazing system with the correct spacing between each of the glass layers in
WINDOW.

In THERM

Draw the frame components for the product in THERM.

Import the glazing system into THERM
Edge of Glass Dimension = 63.5 mm (2.5 inch)
Glazing System Height = 150 mm (6.0 inch).

Fill the air cavity below the glazing system and use the Library/Create Link feature to link that air cavity
to the glazing cavity.

Assign the boundary conditions

Exterior Boundary Condition = Use existing BC from library, select “NFRC 100-2001 Exterior”, and
assign the SHGC Exterior U-factor tag to the exterior frame components

Interior Boundary Condition = Use “convection plus enclosure radiation” for Glazing System, use
appropriate “convection only” frame boundary condition for the frame components.

Simulate the problem
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8.4 Storm Windows 8. SPECIAL CASES

If the product IS a single or double hung (i.e., a vertical or horizontal slider), where there will be a different
gap width between the glazing system and the storm window for different frame profiles, do the following;:

In WINDOW:

Create three three-layer glazing systems as follows:

One glazing system with a gap width between the glazing and the storm window that is the average of
the gaps of the entire product.

Two glazing systems, with the correct spacing between each of the glazing system and the storm
window, for each of the frame profiles that will be modeled in THERM.

In THERM

Draw the frame components for the product in THERM.

Import the glazing systems with the actual gap widths into the appropriate frame profiles with the
following settings:

Edge of Glass Dimension = 63.5 mm (2.5 inch)

Glazing System Height = 150 mm (6.0 inch).

Edit the Keff values for each glazing system cavity to match that of the first “average-gap” glazing system
made in WINDOW. Do this by double clicking on the glazing system.

Fill any air cavity between the bottom of the glazing system and the top of the frame profile as necessary,
and use the Library/Create Link feature to link that air cavity to the glazing cavity.

Assign the boundary conditions

Exterior Boundary Condition = Use existing BC from library, select “NFRC 100-2001 Exterior”, and
assign the SHGC Exterior U-factor tag to the exterior frame components

Interior Boundary Condition = Use “convection plus enclosure radiation” for Glazing System, use
appropriate “convection only” frame boundary condition for the frame components.

Simulate the problem

In WINDOW:

Import the THERM frame profiles that have the correct geometry for the glazing systems. Copy each
record and edit the glazing system thickness to match the thickness of the “average-gap” glazing system
in WINDOW.

In the Window Library, create a product that is made of the frame records that have the “average-gap”
glazing system thickness and the center-of-glazing defined as the ‘average-gap” glazing system defined
first.

Calculate the overall product values from this combination of components.
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8. SPECIAL CASES 8.4 Storm Windows

8.4.2. Storm Window Example

The following example problem, based on the product in Figure 8-23, is explained in detail in the following
discussion.

8.4.2.1. Create Glazing System in WINDOW:

1. Make a glazing system consisting of three layers of glass, with the dimensions of the glazing cavity
for the first gap, and the correct dimension from the glass to the storm window for the second gap.

2! window Library (C:\Program FilesLENL'Workshop',StormWindows', StormWindow.mdb) -8 -10] x|

File Edit Libraries Record Tools Wiew Help

DSk 2@ S (E: > |0 €(n: OH % 78

— Glazing System Librany
List |
D #: IS Mame: IStorm “winidow
Hew | 1 Layers: IS—iI Tilk: I—SD -
[T | Erwironmental I NERC 100-2001 ﬂ

Conditions:

Delete | Comment:l 1 2 3
Save | Dverallthickness:|?2.844 mm Mode:l

Report | [ o] Narne [Mode] Thick [Fip] Tsol | Rsolt | Rsol2 | Twis [ Rvist [Rvis2| Ti [ E1 | E2 [cond|  Comment
Glass1:»» 102  CLEAR_3DAT 30 [J|0s34 0075 0075 0899 0083 0083 0000 0840 0.840 0,900

|»

Gaz1 » 1 Air 127
Glasz 2 »» 102 CLEAR_3IDAT 20 [0 os34 0075 0075 0899 0083 0083 0000 0840 0840 0900
Gaz2 » 1 A 50.8
Glasz 3 »» 102 CLEAR_IDAT 30 [J|oe34 0075 0075 0899 0083 0083 0000 0840 0.840 0900

Center of Glass Reaults | Temperatune Datal Optical Data | Angular Data | Color Properties

Ufactar SC SHGC Rel Ht. Gain Twiz Keff Gap 1 Keff Gap 2 Keff
2K Wwiim2 A K i
1.7648 0.7364 0.E821 511 0.7415 01723 0.0633 0.2789

hd
For Help, press F1 Mode: NFRC ST [MUM Y

Figure 8-23 Make a triple glazed glazing system with a large gap width between the IG and the storm window.
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8.4 Storm Windows

8. SPECIAL CASES

8.4.2.2. Calculate U-factor in THERM

The steps for importing the glazing system into THERM are explained in more detail below.

1.
2.

“Jamb", and so forth.

this case the glazing system with the 2" gap.
Edge of Glass Dimension = 63.5 mm (2.5 inch)
Glazing System Height = 150 mm (6.0 inch).
Exterior Boundary Condition = Use existing BC from library, select “NFRC 100-2001 Exterior”
Interior Boundary Condition = Use convection plus enclosure radiation for glazing system, and
appropriate “convection only” boundary condition for the interior frame components.

THERM - [Stormwindow.thm] [}

Draw the required frame cross sections (such as head, sill, jambs, meeting rails, and dividers)

From the File/Properties menu, select the appropriate Cross Section Type, such as “Sill”, “Head”,

Import the glazing system with the correct storm window cavity dimensions (created in WINDOW), in

""E‘EHE Edit Wiew Draw Libraiies Options  Calculation  Window  Help _|5|1|
DEFS HhoF - a-lk.-aQ f£0%[F UK =]
=]
Step 2: —» Glazing Systems x|
Insert Glazing ID Name
SyStem from Glazing System I 9 Starmn Windaow j
WINDOWS5 1 Lapers |3—
Uzenter |1.76 Wiimz2-C
Cloze |
Thickness|?2.844 mm
WINDOW Glazing System Library——————
IE:'\F'rogram FileshLBMLWWIMD DMWY Browse |
Window 5 D atabase
Step 1:
Draw frame Step 3.
cross section Oriertation [Up =l Set Glazing System
CR caviy height [1000 Cancel | properties:

. If

K|

Sight line to bottom of glags IW

Spacer height |1 2.555

Edge of Glazs Dimension IF
Glazing system height lr

™ Usze nominal glass thickness
™ Use CR Model for Window Glazing Systems

mrm
mmn
mrm
mrm
mm

= Edge of Glass
Dimension = 63.5
mm (2.5")

=  Glazing system
height = 150 mm
(6.0")

=  Exterior Boundary
Condition = NFRC
100-2001 Exterior

= Interior Boundary

— Gap Propertie:
— & Defauk " Custom Gap|1 'l
Keff |DL0EZ27 widmek
Width|12.? mm
— Spacer
[~ Diaw spacer

[wp3.854,-3.024
Ready

|dx,dy 0.000,0.042

llen 0.042  [Step 0.394  [inches

™ Single zpacer for multiple glazings

M atenial IFibergIass [FE Resin]

=

Condition = Use
convection plus
enclosure radiation

— Boundary Conditions

& Uze U-factor values
7 Uze SHGE values

Eterior Boundary Condition

Interior Boundary Condition

I Usze existing BC from library [zelect below)

IUse convection pluz enclosure radiation

I NFRC 100-20071 Exteriar

=
=

=
]

Figure 8-24 Insert the glazing system.
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8. SPECIAL CASES 8.4 Storm Windows

4. If necessary (as in this example because there is a gap between the bottom of the glazing cavity and the
frame),use the material linker to create a separate polygon and link the properties to the 2” glazing cavity.

. THERM - [Stormwindow-t5.thm] : - |E|
]."'E‘ File Edit “iew Draw | Libraries ©Options  Calculation  Window  Help _|E|
= él [ O SetMaterial = | F & u | % |IStnrmwinduw—t5:Sturm Window Cavij
Set Boundary Condition F5
Material Library Shift-F4
Boundary Condition Library Shift-F5
Gas Library Shift-Fé&

Select Material/Boundary Condition

Glazing Swskems Fé&
UFackor Mames

Create Link
/ Rermaye Link

Step 2: y
Click on the
Libraries/Create Link ,/'

. LL—]
menu choice. The
cursor will become an / Step 1:
eyedropper. Click the Fill the space below the
eyedropper on the glazing system cavity with any
glazing system cavity, material using the Fill Tool.
which is the material the
first polygon will be » ______/‘_Click on the polygon to select
linked to. m i_I < it.

1 1 1

Figure 8-25 If needed, create a material link between the glazing system cavity.
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8.4 Storm Windows 8. SPECIAL CASES

5. Generate the Boundary Conditions by pressing the BC toolbar button. The figure below shows the
boundary conditions for one storm window cross section. Make sure that the interior boundary
conditions have the Radiation Model set to “ AutoEnclosure”.

BC=Adiabatic
U-factor tag = None
T—b <

BC= <glazing system> Inside Film

150 mm - <
(6.0") Radiation Model = AutoEnclosure
glazing U-factor tag = None

system

height

BC=NFRC 100-2001 Exterior
U-factor tag = None

BC= <glazing system> Inside Film
63.5 mm Radiation Model = AutoEnclosure

(2.5 ; .
Edge of U-factor tag = Edge

N

BC= Interior <frame type> (convection only)
Radiation Model = AutoEnclosure
BC=NFRC 100-2001 Exterior U-factor tag = Frame

U-factor tag = SHGC Exterior

4_

T BC=Adiabatic

U-factor tag = None

Figure 8-26 Define the boundary conditions.
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8. SPECIAL CASES 8.4 Storm Windows

6. Simulate the problem and save the file.

=
=}

|
i
[iS|

£d

Figure 8-27 Simulate the file.

8.4.3. Steps for Storm Window Condensation Resistance Calculation

The Condensation Resistance model is only appropriate for horizontal frame components such as Head and
Sill elements - THERM will not calculate the Condensation Resistance for a file with the Cross Section Type
set to “Jamb” or “Vertical Meeting Rail”.

There are two methods for calculating the Condensation Resistance information in THERM, which will be
used in WINDOW to calculate the total Condensation Resistance of the product:

= Check the “Use CR Model for Window Glazing System” checkbox when importing a glazing system
OR

= In the Options menu, Preferences choice, THERM File Options tab, check the “Use CR Model for
Glazing Systems”, as shown in the figure below.

I x|
Preferences | Drawing Options I
Simulation Thern File Optians | Snap Settings

Mezh Contral

Quad Tree Mesh Parameter IE

[¥ Run Error Estimator

I aximum % Error Energy Morm I'ID %
M awirnurn |berations |3

¥ Lze CR Model for Glazing Spsterns

Figure 8-28 In Options/Preferences/Therm File Options, check the “Use CR Model for Glazing Systems” checkbox.
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8.4 Storm Windows 8. SPECIAL CASES

When the CR model has been “turned on”, red boundary conditions will appear inside the glazing system,
and the following steps should be taken to simulate the file:

1. Check the emissivities of these boundary conditions. They should be the following:

= Emissivity of the surrounding surface, such as 0.84 for standard glass, 0.90 for painted metal and
most other frame materials, 0.20 for mill finish metal, and so forth.

= 1.0 for the adiabatic (open end) of the glazing cavity.

2. Simulate the model. The program will calculate both U-factor results and the Condensation
Resistance results if the CR model is checked.

3. Import the results into the WINDOW Frame Library and use the file to create the whole product in
the Window Library as applicable.

Emissivity = 1.0
Side = Open

Emissivity = glass layer emissivity
Side = Left

Boundary conditions are
drawn inside the glazing
system cavity when the CR
calculation is “turned on”.

Emissivity = glass layer emissivity
Side = Right

Emissivity = emissivity of adjacent
material
Side = Adiabatic

Figure 8-29 Red boundary conditions will appear inside the glazing system when the CondensationResistance option is turned on.
Check the emissivities of each boundary condition.
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8. SPECIAL CASES 8.4 Storm Windows

8.4.3.3. Calculate the Total Product Values in WINDOW

The following discussion explains how to model the whole product values for the storm window in
WINDOW.

= Import the THERM files into the WINDOW Frame Library.

§i Frame Library (C:"Program Files\LBNL Workshop',StormWindows', StormWindow.mdb}

Copy

19 Stormwindow-jamb. thm

20

726
726

£3.0

Delete B3.0

Storrmwindow-head. thm

-8l -0l x|

File Edit Libraries Record Tools Wiew Help
DediE=eEE: > niBael;: [O0#% 2R

= = Frame Library [C:%Program =

QetalledVIEW| FileshLEML Y/ orkshophStomwindows\Starmiw/indow. mdb]
Update | Frame Edge Edge Glazing
D Mame Source Type Uvalue Uvalue Carrelation | Thickness Frd Abs | Colar
Hew w2 Wwiima-k, mm mm

Find————
D

4

Advanced...

[

3 records found.

Import
Export

Eepart

el fif

Frint

For Help, press F1

=]
Mode: WFRC 51 [ om [

Figure 8-30 Import the storm window THERM files .

* In the WINDOW Window Library, construct the storm window from the THERM files and the glazing
system previously defined, and calculate the total product values.

i Window Library (C:\Program Files',L BNL Workshop'StormWindows' Storm
File Edit Lbraries Record Tools Yiew Help

A8 - (0] x]

DS d2@EE: K «r @ on: O# %28

|»

List o#ls =]
Calc Mame |Storm indow
New tode lm
Type IWI ﬂ
ﬂl Whidth | 1200 mm
Dielete Height lm i
Save Area lm me
Report Tilt l—SD
Environmental Conditions
I Dividers HFHC 1002001
Dividers
Display mode:
[ TotalWindon Fesul | Click on a component ko display charactenstics below |
Utector [ 2 wim2K
l— Frame
SHIEC g Dietail.. Name ISlormwindowsiH.thm j il
w ? o[ 18 Uedge [ 1915 W/m2k
LA 7 Dol ||| souee [ 2 Edgeaiea| 00G3 m2
Utactor [ 0439 wmz PFD [ 690
Area Iﬁ mz2 Abs IW =

4

——

For Help, press F1

Mode: HFRC  [SL [ [uOM 4

Figure 8-31 Storm window created in the Window Library to obtain total product results.
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8.5 Skylights 8. SPECIAL CASES

8.5 Skylights

This section discusses the modeling procedures for skylights, which are modeled in sections in a similar
manner to other products, rather than as full-height products as suggested in the THERM 2.1a NFRC
Simulation Manual. In addition, in accordance with NFRC 100, skylights are modeled at a 20° slope from
horizontal.

8.5.1. Skylight Modeling Steps

The steps for modeling a skylight are as follows:

In WINDOW:

®  Create the skylight glazing system in WINDOW:
= Set Tilt to “20” degrees

In THERM:

® Draw the required frame cross sections in THERM, for example a head, sill, and jambs if they are all
different, untilted. Because the tilt of the jambs will be in the z-direction, which is not possible to display
in the two dimensional viewing of THERM, they will be drawn vertically and the gravity vector oriented
properly to reflect the tilt in the z-direction.

®= Do not use the Condensation Resistance Model on any of the THERM skylight cross sections. WINDOW
will calculate the CR value based on the temperatures from the U-factor results. (Even if the THERM
cross sections are modeled with CR enabled, WINDOW will use the U-factor temperature results rather
than the CR temperature results when calculating the whole product CR value).

=  Set the Cross Section value in File/Properties as follows:
= For Sill: set Cross Section to “Sill”, Gravity Vector should face “Down”
= For Head: set Cross Section to “Head”, Gravity Vector should face “Down”
= For Jambs: set Cross Section to “Sill”, set Gravity Vector to “Right”

®  The Frame Cavity height is not used by the program for the skylight cross sections, as long as the Types
are defined properly as shown above, so the default value of 1000 mm can be left unchanged.

= Insert the glazing system from WINDOW into the frame cross sections with the the Edge of Glass
Dimension field set to 150 mm (6.0 inches). The CR cavity height field can be set to any value (you can
leave it set to the default of 1000 mm) because the U-factor temperatures not the CR temperatures will be
used in WINDOW to calculate the overal CR value).

= Insert the Sill glazing system with orientation up
® Insert the Head glazing system with orientation down
= Insert the Jamb glazing system with orientation up
=  Assign the boundary conditions. Interior Boundary conditions have the following settings:
® Radiation Model set to “AutoEnclosure”
® Frame Boundary Conditions: set to the appropriate “Interior (20 tilt) ...” choices
= Tilt the cross section 20 degrees from horizontal:
= For a Sill or Head, rotate the entire model 70 degrees clockwise

= For Jambs, do not rotate the model at all
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8. SPECIAL CASES 8.5 Skylights

= Simulate the skylight cross sections and save them.
®  View the U-factor for the cross section, and make sure the “Projected in Glass Plane” is selected from the
Projection pulldown list, as shown in the figure below. This will ensure that the projection will be correct
for the tilted cross section.
U-Factors ﬂ
-factar delta T Length
W fm2-C (= i R otation
SHGC Extericr [2.5302  [39.0 f198.411 | 700 [Picjected in Glass Plane |~ |
Frame (43540  [330  [440242 | 700 |Projected in Glass Plane 7|
Edge RN EEZ T [B35 | 700 Projected in Glass Plan= [id
% Emar Energy Niarm I 4.45% Expart | oK I
Figure 8-32 Make sure the “Projected in Glass Plane” projection option is selected for the tilted cross section.
®=  Import the components into the WINDOW Frame Library (and Divider Library if appropriate)
= Constuct the whole product in the WINDOW Window Library to get the overall product results.
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8.5 Skylights 8. SPECIAL CASES

8.5.2. Skylight Mounting Details

There are two ways that skylights can be mounted into a roof system, either flush-mounted or curb-mounted.
Figure 8-33 and 8-34 show these two different mounting styles. Each mounting style has a slightly different
definition of the adiabatic boundary condition, and each will have a different projected frame length. The
rules for modeling can be found in NFRC 100 and the NFRC Technical Interpretations. To model curb
mounted skylights, if the projected frame height is zero, define a Frame U-factor Surface Tag 0.25 mm (0.01
inches) up the interior of the glass, which will result in a non-zero frame height.

[ 25.4 mm
(2 inch)

Adiabatic boundaries
(no heat loss)

Rough Opening

Figure 8-33 A flush-mounted skylight.

Frame Height

Adiabatic boundaries
(no heat loss)

<¢—— Rough Opening ——p

Fiqure 8-34 A curb-mounted skylight.
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8.5 Skylights

8.5.3. Example Flush Mounted Skylight Problem

This example assumes a flush-mounted skylight.

In WINDOW:

1. Glazing System Library: Make a glazing system with a tilt of 20° off horizontal. In this example, the
glazing system is called Skylight Double Glz and is made up of generic glass layers.

& Window Library (C:\Program Files'LBNL Workshop',Skylights'Skylight.mdb) _-IE o | Ellil
File Edit Libraries Record Tools Wiew Help
DS sB@|& 8z K> M |0 eN: O#| %28
— Glazing System Library

List |

Calc [F49) | 1] ﬂ;I‘IB Name;ISkylight Double Glz

New ﬁLa_l,lers:|2 il Tilt:l 0"

copy | Emvronentall Fc 002001 =]

Delete | Eomment:l 2

Save | Ovwerall thickness:I‘IB.SSB mm Mode:l

Report | [ | o | Name |Mode| Thick |Fig] Tsol [ Risoll | Fisol2 | Tuis | Fivist | Rvis2 | Ti | E1 | E2 [ Cond|  Comment

Gaz1 w1 Alr

il

Glagg1 »» 102  CLEAR_3DAT

Glazs 2 ¢ 102 CLEAR_2DAT

30 [ 0834 0075 0075 0839 0083 0083 0000 0.840 0840 0300

109

30 [ 0834 0075 0075 0899 0083 0083 0000 0.840 0840 0900

Certer of Glasz Results | Temperature Datal Optical Data | Angular Data | Color Properties

Ufactor SC SHGC Rel Ht. Gain Tis F.eff
W m2-K Wim2 -k
08734 0.7629 578 08143 0.0729

[~ Protected

For Help, press F1

Mode: MFRC [ST [ [mOm 4

Figure 8-35 Make new glazing system in the Glazing System Library with Tilt = 20 degrees.

2. Save the file: Make sure to save the glazing system (Record menu, Save choice.).

THERMS5/WINDOWS5S NFRC Simulation Manual

June 2003

8-33



8.5 Skylights 8. SPECIAL CASES

In THERM, for Sill:

1. Draw the appropriate cross sections for the Sill.

. THERM - [Skylight-sill. THM] x| [ m] [
‘!'E‘File Edit Wiew | Draw Libraties Options Calculation  Window  Help ==l
D& Fobon F2 QAP F U g

Rectangle F3 "

Boundary Conditions F10

Fill Yoid

Insett Paint Shift+F6

Cielete Point el

Edit Points

Move Polygon Fi1

Tape Measure Fg

Set Drawing Scale  Shift+F8

Set Origin Shift+F7
Step 1:

Repeat mod ;

R y~~ Click on the Draw/Locator

menu (or press Shift F2)

Flip L4

Raokake *

Clear Bad Paints Step 2:

To position the Locator, click on
the lower left hand corner of the
space where the glazing system
will be placed

4 el

|,y -4.858,9.047  |dx,dy 5.409,5.006  [len9.662 |Step 0.394 |inches | S
Sets Locator For copying and importing Glazing Systems MUM

Figure 8-36 Position the locator so that the first glazing section can be inserted.
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8. SPECIAL CASES

8.5 Skylights

Insert the glazing system for the Sill, with the following settings:

2.
®  Orientation = Up
= Cavity height = 1000 mm
drawings
u
[ ]

THERM - [Skylight-sill. THM]

IE Fle Edt View Draw | Libraries Options Calculstion Window Help

Set Material
Set Boundary Condition

DEES Lo

Sight line to bottom of glass = measure this value with the tape measure or get from dimensioned

Spacer height = measure this value with the tape measure or get from dimensioned drawings
Edge of Glass Dimension = 150 mm (6.0 inches)
Draw spacer = not checked

Material Library
Boundary Condition Library
Gas Library

Select MaterialjBoundary Condition

Gla; ns
UFactar Names

Create Link
Remove Link

Glazing Systems
1D Mame

Glazing System | 16 Skylight Double Glz

# Lavers |2
Ucenter IU.S? Bhush-ft2-F
Thickness ID_EES inches

mr
Sight line to bottom of glass IW mm .
Spacer height |1 1.585 mm .
Edge of Glazz Dimenzion IF mm .
Glazing system height IT T

™ Use rnominal glass thickness "

™ Use CR Model for Window Glazing Systerns™

— Gap Propertie:
@ Default T Custom  Gap m -
keff[o07285
widh[[05 "
— Spacer .
[~ Draw spacer

=

[T Single spacer for multiple glazings
M aterial IFibergIass [FE Resin]

— Boundary Conditions

& Use U-factor values
" Use SHGEC values

Exterior Boundary Condition

2 (8] x]
I
o | F e u Rl Ef
=l
Shift-F4
Shift-F5
Shift-F&
Step 1:
<4— Goto Libraries/Glazing
Systems
=]
=l €—step 2:

Cloze |

WINDOW Glazing System Library
’]C:‘\ngram Files\LEML WwIHDOWS0 Browse |
Insert Glazing System

Orientation IUp 'l
CR cavity height |1 aoo

Step 3:
Insert the Skylight glazing system with
the following settings:

Select the glazing system
created in WINDOW

Orientation = Up

CR cavity height = 1000 mm
Sight line to bottom of glass =
measured value

Step 4:
Glazing system is
inserted

|

Step 5:
Add the spacer.

Spacer height = measured value
Edge of Glass Dimension = 63.5
mm (2.5 inches)

P

Glazing System Height = 150 mm
(6.0 inches)
Use CR Model for Window

| o

Glazing System = not checked
Draw spacer = not checked
Exterior Boundary Condition =
“NFRC 100-2001 Exterior”
Interior Boundary Condition =
“Use convection plus enclosure
radiation”.

Interior Boundary Condition

IUse existing BC from library [select below)

=

IUse convection plus enclozure radiation

I NFRC 100-2002 Exterior

|

|
| M|

Figure 8-37 Insert the glazing system .

&vour Act...| HH Glazing ...

[ o

3156 PM

dr@@h i
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8.5 Skylights

8. SPECIAL CASES

3. Assign Boundary Conditions and U-factor tags: Click on the Boundary Conditions (BC) toolbar button
and correct any problems encountered with the geometry (see Section 6.5.3, "Voids, Overlaps, and Bad
Points" in this manual).

4. Tilt the cross section to be 20 degrees off the horizontal plane. For this example sill cross section, click on
the Draw menu, Rotate/Degree choice, and enter 70 degrees Clockwise.

. THERM - [Skylight sil. THM]
%‘F\Ie Edit Wiew | Draw Libraries Options Calculation  Window  Help

Polygon
Rectangle

DEES |

Boundary Conditions
Fill ¥aid

Insert Point
Delete Point
Edit Points
Move Polygon

Tape Measure
Set Drawing Scale

Set Origin

Repeat mode

Locatar

Flip

Clear Bad Points

K

28| -1o| x|
— =] x|
YA A XA
F3 :I
Fi0
Shift+F6
el
i1 THERM - [Skylight sill. THM] A= -0 x|
,!ﬁﬁile Edit View Draw Lbraries Oprtions Calculation window Help = x|
s DEH& Los | adrbndsds §EU %]
=l
Shift+F7
Shift+F2
3
Left 90°
Right 90°
x
o
Degrees |70 z’
Cancel |
' Clockwise

" Counterclockwise

| o

[,y 40.6,208.5
has been changed to

[d,dy -92.1,178.7

lenzo1.0 [step 1000.0 [mm |

7
|

Kl |
by 127.1,-68.7 |dx,dy -5.6,-99.4 llen 99,6 [step 10000 [mm | v
Ready NUM -z

Figure 8-39 Rotate the sill cross section AFTER assigning Boundary Conditions.
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8. SPECIAL CASES 8.5 Skylights

BC= NFRC 100-2001 Exterior

U-factor tag = None 150 mm

(6.0

glass height
BC= Adiabatic
U-factor tag = None

63.5 mm
BC= NFRC 100-2001 Exterior (2.5")
U-factor tag = SHGC Exterior edge-of-glass

BC= <glazing system
name> U-factor Inside Film
Radiation Model =

BC= <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

o

BC= Interior (20 tilt) <frame type> Frame (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

BC= Adiabatic

U-factor tag = Nc\)ne/V

Figure 8-40 Boundary condition and U-factor tag settings for inset skylight Sill example.

6. Check the Gravity Vector for the Sill cross section (View/Gravity Arrow), which should point m@u
down. Bl

7. Simulate the file.
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8.5 Skylights 8. SPECIAL CASES

8. Click on the Show U-factors button to view the U-factors dialog box. Make sure that the projection is set

to “Projected in Glass Plane” which will allow the program to calculate the correct projected frame
dimensions with a tilted cross section.

X
U-factar delta T Length
Wim2-C C mm Raotation
SHGLC Exsterior |4.?32E| |39.E| |48.41 02 I 0.0 IProiected in Glass Plane j Select Proj ected in Glass
Frame |5.2448  [38.0 [382305 [ 700 |Projectedin Glass Plane ¥ | Plane from the pulldown
list to replace Projected Y
Edge M EETE T |B25 [ 700 Projected in Glass Plane [id

for Frame, Edge and

% Eror Energy Nom | 453% Eport [ oK ] SHGC Exterior

Figure 8-41 Select the Projected in Glass Plane for the projected frame dimension calculation.
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8. SPECIAL CASES 8.5 Skylights

In THERM, for Head:

1. Create the cross section for the Head, set the Cross Section Type to “Head”, and import the glazing
system facing Down (in order to get the Gravity Vector pointing in the proper direction).

2. Assign the Boundary Conditions as shown in the figure below.

BC= NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior

BC= NFRC 100-2001 Exterior
U-factor tag = None

63.5 mm (2.57)
edge-of-glass

150 mm
(6.0
glass height

V'
BC= Adiabatic
U-factor tag = None

BC= <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure

U-factor tag = Edge

BC= Adiabatic

U-factor tag = None . . .
BC= <glazing system name> U-factor Inside Film

Radiation Model = AutoEnclosure
U-factor tag = None

BC-= Interior (20 tilt) <frame type> Frame (Convection only)
Radiation Model = AutoEnclosure
U-factor tag = Frame

3. Tilt the Head cross section so that it is 20 degrees off horizontal (click on the Draw menu, Rotate/Degree
choice, and enter 70 degrees Clockwise).

4. Check the Gravity Vector (View/Gravity Arrow), which should be pointed down.
Figure 8-43 Boundary condition and U-factor tag settings for inset skylight Head example.

5. Simulate the file.
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8.5 Skylights 8. SPECIAL CASES

6. Click on the Show U-factors button to view the U-factors dialog box. Make sure that the projection is set
to “Projected in Glass Plane” which will allow the program to calculate the correct projected frame
dimensions with a tilted cross section. —

Figure 8-44 Select the Projected in Glass Plane for the projected frame dimension calculation.
=

In THERM, for Jamb:

1. Create the cross-section for the Jamb. The steps are similar to modeling the head and sill, except for the
following;:

= Jambs are modeled in the vertical direction

= The Cross Section Type is set to “Sill”

= The glazing system is oriented “Up”

= The gravity vector is set by hand to “Right”
2. Simulate the file.

Because the cross section is not rotated, the projection in the U-factor dialog box can be set to either “Projected
Y” or “Projected in Glass Plane”; both settings will result in the same answer. Figure 8-46 The projection can be
set to either “Projected Y” or “Projected in Glass Plane”; both will result in the same answer.

X
L-factar delta T Length
Wmz-C C mm Raotation
Frame |5.383'I |39.U |43.115 I 0.0 IF'miec:ted in Glazz Plane j
SHGC Esterior IE.?UE4 |39.U |41.9111 I 0o IF'miec:ted in Glazz Plane j
Edge | [35718  [330 |62 | oo Projected in Glass Plan: i

% Enor Energy Morm I 4.33% Export | (i) I

x|
U-factor delta T Length
Wim2-C C mm Rotation
Frare |5.1318 ISS.D |43.11DE I-'I'ID.D IProiecled in Glass Plane j
SHGC Exterior [5.5327  [33.0 [419093 1100 |Projected in Glass Plare 7 |
Edge R ESEREEE [f25002 1100 |Projected in Glass Plare x|
% Error Energy MNarm IW Expart |
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8. SPECIAL CASES 8.5 Skylights

BC=Adiabatic
U-factor tag = None

>

150 mm
(6 inch)
glazing
system
height

BC = <glazing system name> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

BC=NFRC 100-2001 Exterior
U-factor tag = None

<+«

63.5.mm BC = <glazing system name> U-factor Inside Film
(2.5 inch) Radiation Model = AutoEnclosure
Edge-of- U-factor tag = Edge

glass

|

BC = Interior (20 tilt) <frame type> Frame
(convection only)

Radiation Model = AutoEnclosure
U-factor tag = Frame

BC=NFRC 100-2001 Exterior
U-factor tag = SGHC Exterior

|
BC=Adiabatic

U-factor tag = None

Figure 8-48 Boundary condition and U-factor tag settings for inset skylight jamb example.
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8.5 Skylights 8. SPECIAL CASES

In WINDOW, Calculate the Total Product U-factor:

1. Inthe WINDOW Frame Library, import the THERM files for the Head, Sill, Jamb and any other needed
cross sections that were modeled.

i Frame Library {C:\\Program Files'LBNL',Workshop'.Skylights',Skylight.nndb) j@l — | Dlﬂ

File Edit Libraries Record Tools Wiew Help

DEHtRRES[E: > | B=el: 0% %] 2N

|»

= = Frame: Library [C:\Program
Detailed View Files\LB ML W orkshophS kylightshS kylight. mdb)

Update Frame Edge Edge Glazing
[0 Mame Source Tupe Uwalue Lvalue Corelation | Thickness Pfd Abz

W fmn2-F

L

ot 24 Skylight jamb.THM Therm sl 5693 3816 n/a 170 431 030

Delete 25 Skylight sill THH Then Sill 5.691 3255 nia 17.a 438 0.30

]

r—Find
18]

4

Advanced...

o

3 records found.

Import

Export

[

Heport

Prrint

4| | 40
For Help, press F1 Mode: NFRC [ST [ o[
Figure 8-49 Import the skylight THERM files into the WINDOW Frame Library.

2. Construct the whole skylight in the WINDOW Window Library by using the THERM files for the frame
components and the glazing system for the center of glass.

i Window Library (C:\Program Files'LBNL' Workshop',Skylights' Skylight.rdb jﬂ = IEI ﬂ

File Edit Libraries Record Tools Wiew Help

DS $B2RSE: « « » n|E - €©0: O#H|%|2 K|
List | ID# |6 e

MName |Skylight
Mode |NFRLC -
Mew | J
Tupe | Custom Single Wisi = | »»
Copy | ¥p

‘whidth | 1200 mm

Delets | Height 1200 mm
Save | Area IW 2
Repart | Tilt 20

E nvironmental Conditions

™ Dividers MFRAC 100-2001 ~ l
Dividers |

Display mode:
Mormal x
— Tatal Window Resul:
| Click on a companent to display characteristics below |
U-tactor | 3B11T WWm2-K
P Frame
Detail.. Mame | Skylight =il THH =l »
VT || Wil o 3 Uedge [ 325 wimzk
Lol I e M Source 2 Edge area | 0.0EF m2
Ufactor | 5691 Wi/m2-K PFD 436
Area [ 0050 m2 abs [ 0300 =
-
< | »
For Help, press F1 Mode: NFRC E UM v

Figure 8-50. Create the whole skylight in the Window Library.
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8. SPECIAL CASES 8.6 Modeling Tubular Daylighting Devices

8.6 Modeling Tubular Daylighting Devices

Tubular skylights are a group of products that can loosely be defined as non-standard skylight products.
Their primary purpose is to provide daylighting, and not view to the outside. For this reason, there are some
arguments whether these products can be considered fenestration at all. However, because they penetrate the
building envelope and provide some of the essential functionality of a fenestration system (i.e., daylight) they
are considered to be a fenestration product.

The assumptions and methodology for modeling these products differs considerably from typical
fenestration products. The following is a list of standardized assumptions to be used when modeling tubular
daylighting devices:

= D =Shaft Diameter = 350 mm (14 in.)

= L =Shaft Length = 750 mm (30 in.)

= Standard dome mounted on 350 mm (14 in.) shaft

= Exterior boundary conditions are applied on the exterior side of the dome

= Standard ASHRAE Attic boundary conditions are applied to the exposed surfaces of the shaft,

= Bottom of the shaft is mounted in a 250 mm (10 in.) thick surround panel (standard surround panel
material, such as EPS),

= Bottom of tubular skylight is covered with light diffusing plate (manufacturer supplied).

The first step is to draw the geometry of the tubular daylighting device in THERM, per the manufacturers’
drawings and using the assumptions above (see Figure 8-46). Material properties, other than frame cavities,
should be assigned from the THERM material library.

Next calculate the effective conductivity of the shaft and dome cavity. The set of equations and assumptions
required to calculate effective conductivity of this cavity is detailed in Curcija (2001). A custom spreadsheet is
also designed to facilitate this calculation and is available on request from NFRC (tubes_keff.xls). The
information necessary to calculate k. of this cavity are the average temperatures and emissivities of the inside
surface of the diffuser plate at the bottom of the cavity, and inside surface of the dome at the top of the cavity.
Initially these temperatures need to be estimated, a reasonable starting point being -2°C (28.4 °F) for the
diffuser plate and -17°C (1.4 °F) for the dome (when the dome is single glazed). After the THERM simulation
is calculated with the keff determined from these estimated temperatures, find the average temperatures for
the diffuser plate and dome surfaces using the THERM tape measure tool. If the resulting average
temperatures differ by more than 1° C (2 °F) from the estimated values, a new keff shall be calculated and the
THERM simulation repeated with the new keff. This process should be repeated until the criterion of 1° C (2
°F) temperature difference is satisfied. In many cases, one iteration is enough, but the temperatures shall be
checked to make sure that this has been met for the particular case. In the THERM file, fill the shaft/dome
cavity with a solid material which has the conductivity equal to the calculated k. Fill the other small frame
cavities with the “Frame Cavity NFRC 100-2001” frame cavity material, which will automatically calculate
effective conductivity of them.
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8.6 Modeling Tubular Daylighting Devices 8. SPECIAL CASES

Next the boundary conditions need to be defined and assigned as shown in Figure 8-47. The exterior and
adiabatic boundary conditions can be used from the THERM library, while the attic and indoor side of the
diffuser plate must be defined in the THERM Boundary Condition Library. The following values should be
used for the boundary conditions:
=  Exterior: NFRC 100-2001 Exterior
hy =30 W/m2K; T, = -18 °C
(ho = 5.3 Btu/hr-ft2°F; T, = 0 °F)
= Adiabatic: Adiabatic
g=0W/m?
(g9 = 0 Btu/hr-ft?)
= Attic: User defined
h,=125W/m2K; T, = -18 °C
(ha = 2.2 Btu/hr-ft2°F; T, = 0 °F)
= Indoor Side of diffuser plate: User defined
hi=9W/m2K; T; = 21 °C (1.582 Btu/hr-ft2°F; T; = 70 °F)

Note: The height of the shaft/dome cavity represents area weighted equivalent height, L.z, and is set to 1.041
m (41 in.) for domed top diffuser products and 750 mm (30 in.) for flat top diffuser products.
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8. SPECIAL CASES

ng Tubular Daylighting Devices

Dome

< Collar

— Shaft

Shaft and dome air cavity

< Shaft Diameter >

Diffuser

=/

Figure 8-5
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8.6 Modeling Tubular Daylighting Devices 8. SPECIAL CASES

— —_— = —— —_——

BC = NFRC 100-2001 Exterior

L= Leqv = Equivalent T

Shaft . .
Length Shaft Length Adiabatic Surface

<4—— Attic Boundary Condition

' 4—1— D = Shaft Diameter —P»]

1

250 mm (10 in) Adiabatic Surface
v 2

U-Factor Tag Indoor Side of Diffuser Plate
Boundary Condition

U-Factor Tag Zoom-in —— P

Figure 8-52 Boundary Conditions and location of U-factor tag for Tubular Daylighting Device.
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8. SPECIAL CASES 8.6 Modeling Tubular Daylighting Devices

The last step before simulating the problem is to define the U-factor tag. This tag is defined as shown in
Figure 8-50. After the calculation is done, the U-factor obtained represents the total product performance.
8.6.4. Example Tubular Devices Problem

This example assumes that the bottom diffuser plate is made up of a single layer. For multiple layer plates,
additional instructions are given at the end of this example. For single layer plates, it is not necessary to do
calculations with WINDOW.

Begin by drawing geometry in THERM either by using DXF file underlay as shown below or by using a
dimensioned drawing.

CLEAR DOME W/ GASKET

FEINRE)

/ SEE DETAIL A

X

\
|

lyy, iy

FLASHING, ASPHALT RC

TABLE TUBE / /

1
g .
Wit

Figure 8-53 DXF File for Use as an Underlay in THERM.
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8.6 Modeling Tubular Daylighting Devices 8. SPECIAL CASES

I8/
B rle ts vew Draw Lbaes Optors Calodstion Window Heb LIk
D& LoF i mpLad ~H|8 | Fru k| I

E

“ L[—I
by 0.2, %00 by 2ion, 1592 lenaur9 Step 100 me | 1 =
L

Figure 8-54 Underlay of the Top Part of the Tubular Daylighting Device.

Draw the geometry of all solid pieces of the tubular skylight, making sure that the shaft is 350 mm (14 in.)
wide. The width of the dome should be adjusted to fit over such a shaft but thickness of the dome material
shall not be changed. Include all of the details of sealing as per the manufacturers” drawings and
specifications. The figure below shows the completed dome, collar, and one side of the shaft wall, along with
gaskets.

il
alltix

u p ——
DF@@SLos ia-prndsos FOUKT

Gaskets

<€—— Shaft wall

Collar

o

B AR B T S WA

Figure 8-55 THERM drfwing of the dome, collar, gaskets and one section of the shaft wall.
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8. SPECIAL CASES 8.6 Modeling Tubular Daylighting Devices

The figure below shows the completed solid sections without any frame cavity polygons defined.

THERM - (EZ105CM_no-ns_L0-in-adiabatic.thm] =l=lx
U Fo Ede Wew Draw Lbrores Options Cocustion Window Hep T

DEES LOs i adDLal 2ot FoU %] gl

by 93164230 e dy MEEEIES  len 6511 Feo 100 e
Ready.

Figure 8-56 THERM drawing of all of solid sections.

Create polygons (using the Fill tool where possible) and assign the “Frame Cavity NFRC 100-2001” material
for all the frame cavities except the large central shaft/dome cavity, as shown in the figure below.

THERM - [EZ10504_no-ins_10-in-adiabatic.thm] 18| =]
B R Fdk View Drow Lbroies Oplions Caloualion Wiedm Help =18 %]
DEES Lo# i adpbad 2% Fou k| -]

Material Definitions x|

Frame Caviy NEFC 1002001

— Material Typ

Cancel
& ol ] | -
% Erame Cavity Hew | @
1" Glazing Cavity

Delete
1 Ertemal Riadiation Enclasure —I

Hename |

= Solid Broperti
Carductiit |0 ST Color | -
Emissivite|0.839 Save Lib Asl

— Cavity Properti LoadLib I
Riadiation Madel |5 mpllizd = |
Cavity Model |50 150559 'I

Gas Fill |20 'I

Emissivities: Side 1 |0.9 Side 2|0.9

I | Protested

. o

fr2 e [y 175204 Jen 263 oo 10.0° o

Figure 8-57 Fill all cavities, except for shaft/dome, with the “Frame Cavity NFRC 100-2001" material.
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8.6 Modeling Tubular Daylighting Devices 8. SPECIAL CASES

THERM - [E2145CM_Example_sim-man.thm] j@l - |EI|1|
‘.';E‘Eile Edit W¥iew Draw Libraries Options Calculation Window Help -|ﬁ'|5|

DEEES| Lo @ ] <k aQ 208 |F E W% [Frame Cavity NFRC 100-2002

-
Kl 1 _>lJ
[,y 289.4,212.3 [dx,dy 4.3, -4.3 len &1 [step 10,0 fmom | 4
Ready MUM

Figure 8-58 Small Frame Cavities Around the Edges of the Diffuser set to “Frame Cavity NFRC 100-2001" material.

Before the large shaft/dome cavity can be filled, it is first necessary to calculate ke for this cavity. Open
spreadsheet Tubes_keff.xls and input the four yellow highlighted fields that are available for inputting data
as shown in the figure below:

B
| 9 |Heigth, L [m] 1.041 K1 K2 Mu Fesnu hr h keff
| 10 |Diameter, D [m] 0.3 [Wifm*21] [Wifm*21] [ifm* 21 [WimkK]
| 11 |T warm -2 1.4 441157 844749 1.898 2104 4.002 4.166
[ 12 |Tcold 17
_13 |emiss - hot side I l].9.|
| 14 |emiss - cold side 09
[ 15 |velocity [mfs] [RI5Y
X
o mater
Keff value for new Frame Cavity material for the large
Lancel i
& Suid | shaft/dome cavity.

™ Frame Cavity MHew |
| Glazing Eavity |
Delete

" External Radiation Enclosure

Benarme |
— Solid Froperties |
Conductivity|4.185 wiim-K < Foler— Make a new Frame Cavity

Emisivip[03 SaveLibAs material defined with the Keff
s —I calculated in the spreadsheet

LoadLib |

= Cavity Broperties
Riadiaticr adel | =l

[Eayity Madel I ‘I
s il I ‘I

I Frotected

Figure 8-59 Tubes_keff.xls spreadsheet with input data highlighted in yellow
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8. SPECIAL CASES 8.6 Modeling Tubular Daylighting Devices

Temperatures of the inside surface of a bottom diffuser plate (Twarm) and top dome (Tco14) shall be estimated
by finding respective average temperatures.

For the bottom diffuser plate, the average temperature can be estimated simply by stretching tape measure
across the inside surface of the bottom diffuser plate from the left side of the shaft/dome cavity to the right
side, as shown in the figure below.

Topevieasre T

Length of this ine iz (EEREE

Figure 8-60. Estimate of the average temperature of the inside surface of a bottom diffuser plate

For the dome, the average temperature should be calculated in increments, because the surface consists of
several straight line increments. Because the lines are of approximately the same length, the average can be
estimated by summing the temperatures for all the segments and dividing by the number of segments, as
shown in the figure below. As discussed at the beginning of this section, this is an iterative process, and once
the model has been simulated, find the average temperatures for the diffuser plate and dome surfaces using
the tape measuring tool, and if the resulting average temperatures differ by more than 1° C (2 °F) from the
estimated values, the new Keff shall be calculated and the simulation repeated until the criterion of 1° C (2 °F) is
met. Emissivities are input from the surface emissivities of the inside surface of the bottom diffuser plate
(emiss - hot) and inside surface of the top dome (emiss - cold). The resulting k. value is calculated using the
spreadsheet, and a new material shall be made with that conductivity and assigned to the shaft/dome cavity.
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L4
FrBELIES QUM IZ0. 615 08 Sep 160w |
Chck et 10 efine o vl of the measurng e =

Tape Measure

Figure 8-61. Estimate of the average temperature of the inside surface of a bottom diffuser platetemperatures of segments (usually at

15° increments)

The next step is to define the boundary conditions. The outside surface of the dome and collar should be
assigned the standard “NFRC 100-2001 Exterior” boundary condition. The bottom of the collar shall have
standard “Adiabatic” boundary condition, as shown in the figure below.

Boundary
Condition Librar
U-Factor Surface
Library

Boundary Condition Type
Adiabatic

Nore

Boundary
Condition Librar,
U-Factor Surface

Library

0K

bysases el e fe s | I +
Ry T
Figure 8-62. Exterior and adiabatic boundary conditions near the top dome
8-52 June 2003 THERMS5/WINDOWS NFRC Simulation Manual



8. SPECIAL CASES 8.6 Modeling Tubular Daylighting Devices

The outside surfaces of the shaft walls, except for the bottom 250 mm (10 inches) should be assigned a user
defined “Attic boundary condition” (see description of all boundary conditions at the beginning of this
section). The bottom 250 mm (10 in.) of the shaft walls and portion of the diffuser plate edge assembly shall
have an “Adiabatic” boundary condition as shown in the figure below.

Boundary Condition Type x|
Tubes - Attic =

Nors = Cancel
ins

Boundary

el . ;
DEES 5084 M0 sal 28 % F B % b g fizso” Buredl. v

U-Factor Suface
Library

Boundary
Condition Libran
U-Factor Surface
Library

1 D‘E
[
Figure 8-63. Attic and adiabatic boundary conditions on the shaft wall and near the bottom diffuser

3]
oy 4ER0604 Myl el S 00 e |
Ready
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The remaining boundary condition, “Indoor Side of Diffuser Plate” shall be applied to the exposed surfaces of
the bottom diffuser plate and edge assemblies up to the point where adiabatic boundary condition ends, as
shown in the figure below.

Boundary Condition Type x|

Bounday
Condition Libran
U-Factor Surface
I Library

0K

Boundary Condition Type |

Tubesz Indoor =
Boundary
_I _I Condition Librar
U-Factar Surface

| Library

Cancel

Lal
P STRITA Ml AT b0 B2 Sew 100 |
Rty

Figure 8-64. Indoor boundary condition on the exposed surfaces of the diffuser plate

After all boundary conditions are defined, the remaining task left is to define the U-factor tag. The U-factor
shall be calculated for the area corresponding to the rough opening in the ceiling, which is defined on Figure
8-50. Select bottom diffuser plate and insert points on both sides of the model and define U-factor tag
“Center” (or some other name if desired) for the surface between those two points.

THERM - [E2145CM_Example_sim-man.thm] rr!ﬂ x|
,.';h‘ﬁle Edit Wiew Draw Lbraries Options Calculstion ‘Window Help - E‘|5|

== é‘ L o@ -] ‘ ek Laq e | B | 7 1Eu |F/c | EZ145CM_Example_sim-man:Tubes Indoor ~

Boundary Condition Type

Tubes Indoor B

Boundary
_I Condition Library
U-Factar Surface
Library
=
4 | >
[, ¥ 521.9,202.4 |d=,dy -115.5,-13.7 len116.3 [Step 100 [mm | 4
Ready NUM 2

Figure 8-65. Definition of U-factor tag
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This completes the definition of the model. The final step is to simulate the problem. As discussed at the
beginning of this section, it is an iterative process to obtain the Keff value for the material defined for the
shaft/dome cavity. Once the model has been simulated, find the average temperatures for the diffuser plate
and dome surfaces using the tape measuring tool, and if the resulting average temperatures differ by more
than 1° C from the estimated values, the new Keff shall be calculated and the simulation repeated until the
criterion of 1° C is met. The resulting U-factor is the overall product U-factor.

THERM - [EZ105CM_rwa-ins_1 -in-adiabaticthm] =] %l

3 =181%
DEHS Lo ijaderaldsd® Fleu % E

uractors .|

U-factor delta T Length
-

C C mm
Center |3.9735 |38 9 IQEE EEL IProiectadX 'I

3 Error Energy Mom I 4.54% Export

RYSETEIND A UNTRT  nwed o 100 e |
Rosdy

Figure 8-66. Temperature Contour plot and U-factor results
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8.6.5. Example: Tubular Device Problem With the Double-Glazed Diffuser Plate

Using a double glazed diffuser plate is a variation to the design presented in the first example. This case can
be modeled by first using WINDOW to calculate the effective conductivity of the gap space in a diffuser and
then specifying this conductivity in the THERM model.

In WINDOW create a special boundary conditions for this case (i.e., tubes diffuser) by copying the NFRC 100-
2001 record in the Environmental Conditions Library to a new record, and set outdoor wind speed to O (this is
the closest approximation to convection and radiation heat transfer inside shaft/dome cavity that borders
cold side of this double layer diffuser). Name the new environmental condition something that makes it clear
how it is to be used, such as “NFRC Tubular Skylight”, as shown in the figure below.

i Environmental Conditions Library {C:Program Files',LENL WINI -8 10l x|
File Edit Libraries Record Tools Wiew Help

DS 4@ S E: > M|(B0 o0} O# % 2N
Environmental Conditions Library =

[0} ﬁ:IB

Mame: [NFRC Tubular Skylight

Ufactar: Inside  H-facter: Dutside | SHGC: Inside | SHEC: Outsige |
Outzide Air Temperature

Direct Solar Hadiationl 00 Ami

r~ Conwection
Model: [ASHRAE/NFRC Dutside | N

Convection Coef. | 4.000 wi/ma-k. Set outside wind
Ouside Wind Speed [ 00 m/s < speed to 0 in both the

"Wind DirectionlWindward v[ U-factor Outside and
SHGC Outside tabs.

— Radiation

|ASHRAE/MNFRC |

Effective Sky Temperaturel 180 C
Effective Sky Emissivityl 1.000

™ Protected ZI
Far Help, press F1 Mode: NFRZ ﬁ MM v

Figure 8-67. New environmental conditions for calculating center of glass performance of the diffuser plate.
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In the glass library, create the new glazing layer, naming it appropriately to the material used (called Lexan in
this example) and specify the thickness per the manufacturer drawings. Set the conductivity and emissivity
by copying the values from the library of material thermo-physical propertiesor value derived from NFRC
101.

Figure 8-68. Glass layer definition in Glass Library for the double-layer diffuser plate
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In the Glazing System Library, create a new double glazed system using the newly defined entries in the
Glass Library, and reference the new environmental condition, “NFRC Tubular Skylight”. Set the tilt to 0
degrees, and set the gap thickness and gap gas according to the manufacturer’s specifications. After the
calculation is done, make note of the effective conductivity (Keff value under the Center of Glass Results
tab) for later use in THERM.

i Window Library (C:\Program Files',LBNLWINDOW 5" TubularSkylight.mdb) A8 -39 x]

File Edit Libraries Record Tools Yiew Help

DEH| 2R & E: « « » 0|8 o0 O# % 2N

— Glazing System Libramy
List |
Calz [F9) | D #: |32 Mame: ITubuIar Skylight Diffuzer
Mew | ﬂLayers:|2 il Tilt:l o
Copy | ErronmEntal[} £oC Tubuler Skylght ]
Delete | Comment:l 1 2
Save | Owerall thickness:IB.2DD mm Mode:l
Report | [T o | Nams [Made] Thick |Fiig] Tsel [ Rsoil | Rsolz | Tvis | Rvist [Rvis2| Ti | E1 [ E2 [Cond |  Comment
1k 10002 Lexan 16 [J| 0834 0075 0075 0899 0082 0082 0000 0900 0900 0.200
Gaz1 » 1 Air 30
Glass 2 »» 10002 Lexan 16 [J| 0834 0075 0075 0893 0082 0082 0000 0900 0900 0.200
Center of Glass Results | Temperature Data DpticaIDataI Angular Data | Color Properties
Ufactar SC SHGC Rel Ht. Gain Tuis Keff
Wm2H Wim2 Ak
28886 0.8332 0.7793 592 08137 0.0359
I™ | Frotected
For Help, press F1 IMode: MFRC E UM A

Figure 8-69. Glazing system for the double-layer diffuser plate

These calculations are only for U-factor; the SHGC results will not be valid because the layers were created
without spectral data. When performing a calculation on this glazing system, the following message will
appear, indicating that there is not spectral data associated with the glazing layers.

x|

Orne of the glazs layers for Glazing System 32 does not have detailed
spectral data, which may result in incomect results for optical
properties such az SHGC and TS, Custar lapers with detailed
zpectral data can be created in Optics and imported into the Window
Library

Figure 8-70. Message at calculation time, indicating that there is not spectral data for the glazing layers. Therefore, the SHGC value
will not be accurate.
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In THERM draw the geometry of the double-layer diffuser plate, including the detail of spacer and draw the
rest of the geometry as per original example.
THERM - [E2145CM_Example_dbl-glzd_sim-man.thm] j@l ;lglﬂ
]_';E‘ Eile Edit Wiew Draw Lbraries ©Options Calculation ‘Window Help ;lilil
= §| 5y O & % | il | E- | #FIE U | 8 ”Pulycarhunate [Lexan]

Double layer diffuser plate, in this
case 2 layers of Lexan.

Kl 1 _>|;I

[,y 649.7,230.1 [dx,dv 29.6, 6.5 llen 30.3 [step 0.0 |mm  |w,h356.6, 1.6 s
Ready KUM
Figure 8-71. THERM model of double-layer diffuser plate
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Define a new material with the conductivity equal to the effective conductivity (Keff) calculated in WINDOW
and fill the cavity with that material. As discussed at the beginning of this section, it is an iterative process to
obtain the Keff value for the material defined for the shaft/dome cavity. Once the model has been simulated,
find the average temperatures for the diffuser plate and dome surfaces using the tape measuring tool, and if
the resulting average temperatures differ by more than 1° C (2 °F) from the estimated values, the new Keff shall
be calculated and the simulation repeated until the criterion of 1° C (2 °F) difference is met.

THERM - [E2145CM_Example_sim-man.thm] A8 - O] x|
r';ﬁ‘EiIe Edit Wiew Draw Lbraries Options Caloulation  window  Help =]

DEEHS Lof i a-lkLralqQ 20% | FE UK

-

Propetrties for Selected Polygon(s) x|

[1]:8 I

L IS Cancel |

Conductiviy |0.035 Wk, =
Emigsivity ID 9

[xy 1187.9,335.1  [dx,dy 234.7,-589.9 llen 634.9 [step 10,0 [mm |

Ready [ o
Figure 8-72. THERM model of double-layer diffuser plate
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8. SPECIAL CASES 8.6 Modeling Tubular Daylighting Devices

Define the same set of boundary conditions as in previous example and perform calculation. The following
are results for an example where the two layers of Polycarbonate diffuser plates, separated by 3 mm (0.1181
inches) of air space and butyl spacer, are used.

THERM - [Dbl-glazed e.thi =& x|
IE File Edi View Draw Lbraries Options Calculation Window Help _18 x|

D& Lo@I[m-fr Qs[5 FBU[K] =

u-ractors x|

-factor delta T Length
Wwiimz-C c i
Center 29417 331 |266736  |Projected® x|

% Error Energy Morm I 413% Expart | oK I

[x,v 512.8,873.3 |die,dy -23.7,645.7 llerg46.2 [step 10.0 mm |

Ready il
Figure 8-73. Heat Transfer Results for the Tubular Daylighting Device, Incorporating Double-Layer Diffuser Plate

Note that the overall U-factor has been reduced from 3.97 W/ m2-C (0.699 Btu/h-ft2-°F) to 2.94 W /m?2->C
(0.518 Btu/h-ft>-°F), by using double-layer configuration for the diffuser plate instead of the original single
layer. This analysis does not include solar optical properties or Solar Heat Gain Coefficient calculation, which
will also be affected by the introduction of double-glazed diffuser plate. It is likely that the daylighting
performance would be negatively affected due to the presence of an additional diffuser plate, which will
reduce overall visible transmittance (VT).

THERMS5/WINDOWS5S NFRC Simulation Manual June 2003 8-61



8.6 Modeling Tubular Daylighting Devices 8. SPECIAL CASES

THERM - [Dbl-glazed_tube.thm] =18
B Fie Edit Yiew Draw Lbraries Options Calculation ‘Window Help

DSHE(Lo0® f[m-<lr Ll &% Fleu x|

=l=x]|
=l
e
s Crmdn o
I | ;I;
X,v 445.2,292,2 [dx,dy -91.3, 64.5 len11t [Step 10.0 [om |
Ready —r
Figure 8-74. Zoomed-in Region Near the Diffuser Plate
References:

Curcija, D.C. 2001. “Proposed Methodology for Modeling Tubular Skylights For NFRC Rating Purposes.”
CEERE Technical Report. June, 2001.
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8.7 Doors

Swinging entry doors are modeled differently than window products because there are more opaque sections
to be modeled in THERM. The procedures for modeling doors are included in NFRC 100: and that document
should be reviewed in detail before modeling any entry door systems.

NFRC has defined nine regions within a door that need to be modeled. These regions include:

= Head

= Sill

® Hinge Jamb
®  Lock Jamb
=  Panel

= Edge of panel

= Lite frame

= Center of lite

= Edge of lite

= Divider or caming

= Edge of divider or caming

NFRC 100 contains several figures which illustrate the location of the door sections to be modeled in THERM.
When modeling glazing options with caming, the NFRC default caming can be used.

A spreadsheet must be used to do the door area-weighting from the THERM files, because the current version
of WINDOW does not area-weight doors. In THERM, the U-factor Surface Tags can have any name and as
many U-factor Surface Tags can be defined as are needed to accurately describe the model. (See Section 6.2.4,
"Define U-factor Surface Tags in the THERM User's Manual), so define as many U-factor Surface Tags as
needed and name them descriptively.

Chapter 9 contains a door example, which describes in detail the THERM modeling steps.
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8.8 Spacers

8.8.1. Overview

THERM has the capability to model spacers in great detail, so that modeling of spacer effective conductivity
is no longer needed. Spacer models can be easily reshaped in THERM, and the program's cut and paste
feature allows spacers to be copied into each cross section as needed. A library of spacer models can be
produced for each spacer type. See the THERM User's Manual, Section 3.5, "Adding a Custom Spacer". A
sample spacer, spacer.thm, is included on the THERM installation CD.

 THERM - [Spacer.thm] |- (O] x]
%Eile Edit ‘iew Draw Libraries Options Calculation ‘window Help _|E’|i|
DEH&G Lod [ a0 k-aQ 9% FEU % 7

=

Kl L ;I_I
1.0 0.525.1.990 | dw 0.136.-0.004 [len 0136 [Step0.500  [inches | G
Ready MUK 2

Figure 8-75. spacer.thm sample file.
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8.8.2. Linking Glazing Cavity properties (imported from WINDOW) for Open Spacers

The properties of a glazing cavity can be linked to another polygon in order to properly model spacers that
are open to the glazing system cavity. Section 5.11.5, “Linking Materials Properties of Polygons” in the
THERM User Manual explains this methodology in detail.

To Link the properties of two materials, follow these steps:

=  Select the polygon that is to linked to another polygon
= Select the Libraries/Create Link menu choice.

= The cursor will become an Eye Dropper. Click the Eye Dropper cursor in the polygon to be linked
to. The material properties of the first polygon are not linked to the material properties of the
second polygon.

When using the multiple glazing calculation option, THERM will automatically use the glazing system cavity
properties for each glazing option for the linked polygon.

. THERM - [SillFixed.thm] 28 =|5] %]
,.';E‘ File Edit Wiew Draw ’m Options  Calculation  Window  Help -1
DR &S| |5 O Sthaes [~ # & U | % |[Frame Cavity NFRC 100-2002 ~|
- Set E\:lundary' Condition Fs ;I
Material Llhr’ary Shift-F4
Boundary Condition Library Shift-F5 Step 3:
Eoliw shit-F& The cursor will become an Eye
S o e o Dropper. Click the Eye Dropper in
CLIERE e the polygon you want to link to, in this
Create Link example, the large glazing cavity,
/ ez L labeled “2” in this example.
Step 2: The material properties of polygon “1”
Select the Libraries/Create are now linked to the material
Link menu choice. properties of polygon “2”, so in this

example, the polygon below the
glazing cavity (1) will have the same
material properties as the glazing
cavity (2).

Step 1:
Select the polygon
(labeled “1” in this
example) that is to
be linked to
another polygon.

Kl
b,y -377.0,131.9 [dx,dy 20,8, 25.4 len 328 [step 10.0 [om  |wh 182, 1.3

Create a link ta the properties of anather polyaaon lili W
Figure 8-76. Link the open spacer cavity to the glazing system cavity using the Library/Create Link feature .
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8.9 Non Continuous Thermal Bridge Elements

Bolts skip and debridge thermal break, including partially de-bridged thermal break material, and thermally
slotted cross section shall be included in the model using the concept of isothermal planes. The isothermal
planes methodology calculates an effective conductivity of the bridging material based on area weighting the
sections of the product with and without thermal bridging material based on the bridging material spacing
dimensions. This method is also valid for other regularly spaced thermal bridges such as skip-and-debridged
systems.

The effect on the performance of a curtain wall system due to bolts is explained in detail in an ASHRAE
paper published in 1998 entitled “The Significance of Bolts in the Thermal Performance of Curtain-Wall Frames for
Glazed Facades”, by Brent Griffith, Elizabeth Finlayson, Mehrangiz Yazdanian and Dariush Arasteh.

The THERM model to be simulated for the final result is one in which the actual materials of the thermal
bridging elements are replaced with a user-defined material having an effective conductivity which
represents the area-weighted value that combines the bridging and non-bridging elements.

Figure 8-74 below illustrates an example of a curtain wall system which would require that the thermal
bridging elements, in this case the bolts, be modeled using the isothermal planes method.

Thermal bridging

material depth Cross section A through
thermal bridging material
(bolt)

Cross section B
without thermal
bridging material
(bolt)

I Bolt Head Size

Bolt spacing

IG

Figure 8-77. Example of a curtain wall system with regularly spaced bolts which act as thermal bridges.
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8.9.3. Modeling Steps

The steps for constructing the final THERM model to be simulated are the following:

1.
2.

Draw the THERM model without the thermal bridging material.
Determine the conductivities of the materials that the thermal bridging material replaces.
* Conductivities of materials can be obtained from the THERM Material Library

=  Conductivities of air-filled cavities (such as frame cavities) are assumed to be 0.024 W/m-K (or 0.014
Btu/hr-ft-°F).

Using a cross-section that contains the non-thermal bridging material, measure the depths of each
element of the non-thermal bridging material that will have a different thermal conductivity in the non-
bridging cross section.

Use the conductivities of the non-thermal bridging materials and depths of the non-thermal bridging
materials in Equation 2 below to determine the Resistance (R) for each non-thermal bridging element.

Sum the resistances (Rt) and divide by the total depth of the non-thermal bridging elements to obtain Kn,
as shown in Equation 3, to calculate the conductivity of the non-thermal bridging elements

Calculate the fraction of thermal and non-thermal bridging material along the length of the facade using
Equations 4 and 5.

Calculate the final effective conductivity value for the thermal bridging elements using Equation 1.

In THERM, define a new material with the Keff value derived in Step 7, and assign it to the cross section
polygons that represent the thermal bridging elements.

Simulate the model.
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8.9.4. Equations

Calculate the effective conductivity of thermal bridging elements (e.g., bolts, screws, etc.)

Keff= Fb*Kb + Fn*Kn Equation 1
where
Fb = Fraction of the Length which contains the thermal bridging elements (see equation 4 below)
Fn = the fraction of the Length which contains non-thermal bridging elements(see equation 5
below)
Kb = conductivity of the thermal bridging elements
Kn = conductivity of the non-thermal-bridging elements

(from the sum of the resistances, Rt, of individual elements from Equation 2 below)
Assume a default value of 0.24 W/m-K for air cavities.

This methodology should be applied with the following caveats:

= If less than 1% (to obtain percentage, multiply fraction by a 100) of the Length is made of thermal
bridging elements (such as stainless steel), ie, Fb < 0.01, do not model the thermal bridging elements.

= If between 1% and 5% of the Length is made of thermal bridging elements (0.01 <= Fb <= 0.05) and if
the conductivity of the thermal bridging elements is more than 10 times the conductivity of the
thermal break, then model the thermal bridging elements. Then model the thermal bridging elements
using the keff calculated in Equation 1.

= Jf more than 5% of the length is made of thermal bridging elements (Fb > 0.05), always model the
thermal bridging elements. Then model the thermal bridging elements using the keff calculated in
Equation 1.

Calculate the total resistance of the non-thermal bridging elements, Rt, by summing individual
resistances (non-thermal bridging element conductivity) for each non-thermal bridging element using the
formula:

Rt=%(D / k) Equation 2
Where:

Rt = Sum of the thermal resistances of the individual non-thermal bridging material. Units: m>K/W
(SI), or hr-tt2-°F/Btu (IP)

D = Depth of the individual non-thermal bridging elements that will be substituted by the calculated
effective conductivity. Units: m (SI), or ft (IP), or (in) (alternate IP)k = conductivity of the individual
non-thermal bridging elements that will be substituted. Units: W/m-K (SI), or Btu/hr-in-°F (IP), or
Btu-in/hr-ft2-°F (alternate IP)

Therefore:

Kn=Dt/Rt Equation 3
Where:

Dt = Total depth, which is the sum of the depths of the individual non-thermal bridging elements
Calculate the fraction of thermal bridging material to non thermal bridging material as follows:

Fb=Wb / Sb  (%Fb=Fb-100) Equation 4

Fn=1-Fb Equation 5
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Where:
Wb = Bridging material width
Sb = Bridging material spacing

8.9.5. Example 1: Bolts in Curtain Wall

The following figures show two cross sections of the curtain wall in Figure 8-74. Figure 8-75 represents the
cross section of the curtain wall where the bolt occurs (screw threads should be averaged and not drawn
explicitly), and Figure 8-76 represents the cross section of the curtain wall where the bolt does not occur. The
geometry of the cross-section in Figure 8-75 would be used for the final THERM run, and the conductivity of
the materials used to define the bolt would be changed to the value derived from the methodology explained
in this section. The geometry in Figure 8-76 is drawn only to obtain the conductivity values for calculating the
conductivity of this “averaged” material.

Figure 8-78. THERM cross section where the bolt occurs.

Figure 8-76 shows the conductivity values for the four materials that must be obtained for the calculation.
Material 1 and 4 are air cavities, and the conductivity is assumed to be 0.024 W/m-K.
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ki = Air cavity ko = Aluminum ks = Vinyl ks = Air cavity
=0.024 W/m-K =160 W/m-K =0.12 W/m-K =0.024 W/m-K

Figure 8-79. Materials in the non-bridging material cross section for which conductivities must be obtained.

Figure 8-77 shows the depths of each of the thermal bridging elements that are used in the Keff calculation.

[«]
[+ ]

|[5]| 4

dl =000392m d2 =0.003175m 43 =0.00586 m d4 =0.01411m

Figure 8-80. Material depths for the thermal bridging materials.
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8.9 Non Continuous Thermal Bridge Elements

Table 8-1 shows the conductivity and depth values used to calculate the R for each non-thermal bridging

element using Equation 2.

Table 8-1
Cross Material Conductivity | Depth R
Jection WmK] | (m) [m2K/
ement
WI
1 Air cavity (default value) 0.024 0.00392 0.16333
2 Aluminum 160 0.003175 | 0.0000198
(conductivity from THERM Material Library)
3 Vinyl 0.12 0.00586 0.049
(conductivity from THERM Material Library)
4 Air cavity (default value) 0.024 0.01411 0.587917
Total 0.02706 0.800103

Calculate Rt as follows:

Rt =

Dt =

Z(d/k)
(di/ k) + (d2/k2) + (da/ks) + (da/ ka)

(0.00392 / 0.024) + (0.003175 / 160) + (0.00586 / 0.12) + (0.01411 / 0.024)

0.800103 m2K/W

0.00392 m + 0.003175 m + 0.00586 m + 0.01411 m

0.02706 m

Calculate the conductivities as follows:

Kn =

Kb =

Dy/R:

0.02706 / 0.800103

0.033821 W/m-K

14.3 W/m-K (stainless steel)

Calculate the fraction of bolt to no bolt as follows:

Wb =

Sb =

Fb =

Fn =

Bolt head width

11.1 mm

Bolt spacing 12"

304.8 mm

Wb / Sb

11.1 mm / 304.8 mm

0.036 (%Fb=0.036-100 = 3.6%)
1-Fb

1- 0.036

0.964
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8.9 Non Continuous Thermal Bridge Elements 8. SPECIAL CASES

Calculate the new Keff, which will be used in THERM as follows:

Keff = Fb*Kb + Fn*Kn
Keff = (0.036 * 14.3)+(0.964 * 0.033827)
= 0.55 W/m-K

In THERM, create a new material in the Material Library with this Keff. In the THERM cross section, the bolt
material should be changed from Stainless Steel to this new material. The resulting cross section is a 2-D
thermal equivalent of the cross section with and without the thermal bridging material.

Figure 8-81. Final THERM model with boundary conditions defined.

> 47
BC = <glazingsystemname> U-factor Inside Film

Radiation Model = AutoEnclosure

BC = NFRC 100-2001 Exterior U-factor tag = None
U-factor tag = None

BC = <glazingsystemname> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior

Material with BC = Interior <frametype> (convection only)
Keff = 0.55 W/mK Radiation Model = AutoEnclosure
U-factor tag = Frame

I

BC = <glazingsystemname> U-factor Inside Film
Radiation Model = AutoEnclosure

U-factor tag = Edge

BC = NFRC 100-2001 Exterior 14—
U-factor tag = None

BC= NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior

8-72 June 2003 THERMS5/WINDOWS5S NFRC Simulation Manual



8. SPECIAL CASES 8.9 Non Continuous Thermal Bridge Elements

8.9.6. Example 2: Thermally slotted cross-section

N
|
I L
— = 0.3750
3.625
[O300_ ] ~ Slot _ |
1 L | L | 010001
} j 0520 i
I 1 | | o
0.3400J = 7]
Figure 8-82. DXF for thermally slotted cross section.
Step |
Skip = 0.375 in. (0.009525 m)
Slot (Air) = 3.625in. (0.092075 m)
Interval =3.6251in. + 0.375 in.
=4 in. (0.009525m + 0.092075m)
=0.1016 m)
Fb =0.009525 m/ 0.1016 m
=0.094
Fn =1-Fb
BC=|
=1-0.094
=0.906
Percent of thermal bridge = (Fb)*100
= (0.094) * 100
=94%

Because the thermal bridge is 9.4% of the length of the fagade, the skip-and-debridge needs to be calculated
using the isothermal plane procedure.
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8.9 Non Continuous Thermal Bridge Elements

8. SPECIAL CASES

Kb =160 W/m-K (conductivity of skipped debridge, in this case Aluminum)
Rt =Y (Depth/ conductivity)
= Dd / kd

(0.0086 m/0.024W/m-K)
0.35833 m2-K/W

where Depth is length of thermal bridge in a direction of heat flow, and the air is assumed to have the

conductivity of 0.024 W/m-K

Kn = total depth/Rt
=0.0086m/ 0.35833 W/m-K
=0.024W/m-K

Keff  =Fb*Kb +Fn*Kn
=0.094*160 W/m-K + 0.906* 0.024W / m-K
=15.062 W/m-K

To convert to IP:

Keff =15.062 W/m-K *0.57782
= 8.703 Btu/hr-ft-°F

or in alternative IP units,

Keff  =15.062* 0.57782 * 12 in/ft
= 104.436 Btu-in/hr-ft>-°F
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8. SPECIAL CASES 8.9 Non Continuous Thermal Bridge Elements

Step-2
Replace the strip of air-aluminum-air with new keff material of 15.078 W/m-K

Thermal-debridged Apply keff for each skip and slot row
Keff 8.918 W/m-K (air / aluminum / air)
(61.854 Btu-in/hr-ft-deg F) Keff = 15.0617 W/m-K

Figure 8-83. New Keff assigned to each skip and debridged row.
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8.9 Non Continuous Thermal Bridge Elements 8. SPECIAL CASES

Step 3
Define the Boundary condition and run the model to calculate the U-factor for frame and edge-of-glass.

BC = <glazingsystemname> U-factor Inside Film
Radiation Model = AutoEnclosure

BC = NFRC 100-2001 Exterior U-factor tag = None

U-factor tag = None

BC = <glazingsystemname> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

|

BC = NFRC 100-2001 Exterior
U-factor tag = SHGC Exterior BC = Interior <frame type> (convection only)
Radiation Model = AutoEnclosure

U-factor tag = Frame

[
BC = <glazingsystemname> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = Edge

BC = NFRC 100-2001 Exterior
U-factor tag = None

BC = <glazingsystemname> U-factor Inside Film
Radiation Model = AutoEnclosure
U-factor tag = None

<

Figure 8-84. Final THERM model with boundary conditions defined.
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8. SPECIAL CASES 8.9 Non Continuous Thermal Bridge Elements

8.9.7. Example 3: Skip-and-debridge:

17433

FRAME HETIGHT

Y

19”-__

—
=i

(g

ol Scale 1020

.5’»]“——#5

Scale 1: 2

Note: the skip trapezoid shall be treated as a rectangle equal to the total length of the base of the
trapezoid.

Figure 8-85. Drawings for Example 3 Skip and Debridge.
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8.9 Non Continuous Thermal Bridge Elements 8. SPECIAL CASES

STEP 1

Skip = 0.0508 m

Debridge (Air) = 0.4318 m

Interval = 0.508m + 0.4318m = 0.4826 m

Original file with skipped debridge New file with skipped debridge

area set to material with
Keff = 16.869 W/m-K

Figure 8-86. Original THERM model and new model with new Keff for skipped debridge area.

Fb =0.0508 m/ 0.4826 m = 0.1053

Fn =1-Fb
= 1-0.1053 =0.4947

%Fb = (Fb) -100
=(0.1053) - 100
=10.53% (Skip-and-debridge needs to be calculated using Isothermal plane procedure).

Kb =160 W/m-K (conductivity of skipped debridge, in this case aluminum)
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8. SPECIAL CASES

Rt =Y Length/ conductivity
= (0.00635 m/0.024 W/m-K)
=0.2646 m>-K/W

The length is the length of material in a direction of heat flow i.e. 0.25” as shown in the figure. (The air
effective conductivity calculated using THEM)

Kn = length/Rt
=0.00635m/0.2646 m2-K/W
=0.024 W/m-K

Fb*Kb +Fn*Kn
0.1053*160 W/m-K + 0.8947%0.024 W/m-K
= 16.869 W/m-K

Keff

To convert to IP:

Keff =16.869 * 0.57782 = 9.747 Btu/ hr-ft-F (or in alternative IP Units: 116.97 Btu-in/hr-ft>-F)
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